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UNITROL will fit anywhere in your ma- ~ 
chine housing and permits you to offer 
maximum convenience in use and accessi- 
bility for inspection and service. 


The advantages of UNITROL-for-machine-design are _side enclosing case. 
numerous and notable: V Extreme accessibility for servicing and inspection...@it¢ 


/ New freedom of design... control becomes virtually a parts are out in the open. 


art of th hine housi i i : shat 
P Ee Ne, Swering ened chwenience = inary on outstanding contribution to the progres 


to operator. : 

Peek Motor Control, beckons to every alert designer ..-P? 
Simplifies assembly ... Shortens time and labor in mount- the way to better machines at lower costs. Act NO 
ing and wiring. get this outstanding Motor Control for your mae 
Streamlined ...no bulky control elements outside the ma- by writing for complete information TODAY. C ; 
chine. HAMMER, Inc., 1310 St. Paul Ave., Milwaukee |, 
Saves material costs ...no inside mounting base, no out- Associate: Canadian Cutler-Hammer, Ltd., Toronto, © 
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Better Porcelain Enameled Products | ; 
from Inland Research 


Ti-Namel—The New Alloy Steel rai 
- Base for Vitreous Enamel Also at 


Lowers Cost of Product bln 








For many years the Inland research staff has been study- agin 

ing and experimenting toward the development of a better ae 

base for porcelain enamel—a base that would simplify — 
- operations, reduce shop time and labor costs, and produce 





a superior product. The result of this intensive research — 


is Inland Ti-Namel—the new titanium alloy steel. 





During the research period Inland Metallurgists worked 
on almost every possible combination of alloy. Finally it poe 
\ was determined that titanium would combine with the = 


carbon in the steel to form a sufficiently stablé carbide 

which is essential for the successful application of a thin 
| white cover coat or coats to a base material without the 
f necessity of a ground coat. Then followed a long series of 
tests to establish the amount of the alloy needed and the 
process to be used in making this titanium steel. Finally 
open hearth tests were made and the steel was sent to 
enameling shops for actual tests in making commercial 
products. Not until all this preliminary work was com- 
pleted did Inland announce Ti-Namel—the superior alloy 
steel base for better porcelain enameled products. 

Pending patent applications on the new enameling process and product made thereby are 
owned jointly by Inland Steel Company and The Titanium Alloy Manufacturing Company 
under trust agreement. 

We have a new descriptive bulletin on Ti-Namel and 
will be glad to send you a copy. 


INLAND STEEL COMPANY 


38 South Dearborn St., Chicago 3, Ill. 


Sales Offices: Cincinnati + Detroit + Indianapolis + Kansas City + Milwavkee + New York + St.Louis + St. Paul 
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Mtemized Mnedex 


Classified for Convenience when Studying Specific Design Problems 


sign Calculations: 


orsional vibration calculations improved, Edit. 159-162 


sign Problems: 


400-cycle auxiliaries for aircraft, Edit. 125-130, 190 

ircraft propulsion forecasting, Edit. 103-108 

Rellows control, selecting of, Edit. 131-133 

Drying sheet facilitated with trapped air, Edit. 156 
lectronics insures accurate loop control, Edit. 143-146, 
172-174 

Engine control utilizes variable V-belt drive, Edit. 156-157 
eaters reduce motor load, Edit. 117, 170 

Hydraulic transmission for feed control, Edit. 115, 116 
ntermittent manual drive, Edit. 116, 117 

Planetary reducer aids compact design, Edit. 135-140 

Pneumatic single line control, Edit 134 

Sequence operation, basic controls for, Edit. 109-114 

Servomechanisms, how they work, Edit. 119-124 

Turbine locomotive described, Edit. 141-142, 192 

Variable speed drives, selecting of, Edit. 147-150 

Water brake simplifies control, Edit. 170 


gineering Department: 


Design service, Adv. 201, 227, 242, 307, 311, 338 

Equipment and supplies, Adv. 85, 198, 210, 230, 257, 292, 
378, 383, 398, 402, 411 

Instruments, testing, Adv. 280, 327 


Corrosion resistant, Adv. 413 

Enamel, Adv. 215 

Paints, Adv. 74, 75 

terials: 

Aluminum alloys, Adv. 218, 219, 253, 276, 281 
Babbitt, Adv. 384 

Brass, Adv. 249, 250 

Bronze, Adv. 351, 352, 396 

Carbon, Adv. 231 

Felt, Edit. 163-166; Adv. 76, 275 

Fiber, Adv. 247 

Class, Adv: 258 

salaton, ek 814 

Magnesium alloys, Adv. 40, 41, 347 

Moybdenum, Adv. 197 

Nickel alloys, Adv. 79, 226, 239 

— Edit. 158; Adv. 34, 43, 45, 51, 52, 55, 69, 173, 185, 


Powder metal, Adv. 204, 254 
: and synthetics, Adv. 8, 87, 90, 273, 349 
“we. Adv. 4, 26, 27, 59, 177, 181, 278, 305, 315, 388 
a pe alloys, Adv. 16, 17, 309 
and plywood, Adv. 341 


rts: 


bills, Adv. 348, 398 


tarings, Edit. 157-158, 167, 169, 176; Adv. 6, 12, 14, 28, 
7, 171, 199, 205, 217, 299, 241, 264, 266, 269, 286, 294, 
29, 891, 407, 409, BC 
lows, Edit. 131, 188; Adv. 77, 287 

Adv. 282, 359, 377 

Edit. 182 

8, Edit. 170; Adv. 368 

bs, Adv. 256 

8, carbon, Adv. 328 
me controls, Edit. 116, 117; Adv. 203, 362, 391 
Adv. 404 


Cast parts, Adv. 39, 48, 88, 187, 193, 260, 308, 333, 370 

Chains, Edit. 118; Adv. 70, 72, 82, 93, 234, 277 

Clutches, Edit. 176, 178; Adv. 89, 92, 345, 390, 396 

Controls, electrical, Edit. 109-114, 119-124, 148-146, 172- 
174, 178, 180, 182; Adv. IFC, 37, 38, 47, 84, 94, 189, 220, 
224, 225, 235, 244, 245, 261, 268, 270, 279, 2938, 296, 317, 
318, 329, 334, 342, 355, 365, 372, 374, 379, 382, 394, 
397, 399, 403, 411 

Counters, Adv. 56 

Couplings, Adv. 22, 304, 354, 358, 398 

Electrical equipment, Adv. 67 

Electrical accessories, Adv. 61, 340, 402, 415 

Engines, Edit. 103-108; Adv. 380, 405 

Fabric parts, Adv. 373 

Fastenings, Edit. 158; Adv. 1, 20, 42, 54, 96, 191, 290, 291, 
310, 312, 335, 360, 362, 364, 367, 371, 388, 390, 391, 
All, 418 

Filters, Adv. 31, 302 

Fittings, Adv. 232, 297, 348, 392, 412 

Forgings, Adv. 287, 319, 326, 343, 382, 389, 398 

Gears, Adv. 5, 15, 46, 49, 86, 248, 251, 298, 306, 372, 374, 
378, 381, 390, 402, 404, 406, 410 

Heating units, Edit. 117, 170; Adv. 405 

Hydraulic equipment, Edit. 112, 118, 114, 115, 116, 120- 
122, 180, 182; Adv. 9, 71, 80, 97, 101, 196, 223, 238, 252, 
295, 300, 301, 308, 325, 350 

Joints, Adv. 19, 405 

Labels, Adv. 255, 354, 383 

Lubrication and lubricating equipment, Edit. 169; Adv. 23, 
91, 330, 392; 396, 410 

Machined parts, Adv. 346, 412 

Motors, Edit. 125-130, 169, 190; Adv. 29, 60, 83, 95, 99, 
195, 200, 212, 213, 228, 283, 284, 321, 338, 366, 369, 370, 
889, 398, 407, 408, IBC 

Mountings (rubber), Adv. 259, 339 

Plastic parts, Adv. 216, 344, 363, 388, 400, 401, 417 

Plugs, Adv. 214 

Pneumatic equipment, Edit. 134; Adv. 102, 222, 248, 322, 
332, 366, 387 

Pulleys, sheaves, Adv. 44, 337 

Pumps, Edit. 169, 176, 180;.Adv. 33, 190, 240, 344, 346, 
861, 382, 395, 400, 409, 412 

Rubber parts, Adv. 320 

ae packing, Adv. 2, 13, 58, 81, 98, 179, 183, 313, 355, 


Shafts, flexible, Adv. 184, 368, 370, 380 

Sheet-metal parts, Adv. 62, 406, 409 

Speed reducers, Edit. 135-140; Adv. 10, 11, 175, 206, 207, 
209, 272, 357, 404 

Springs, Adv. 30, 73, 221, 271, 331, 342, 394, 406, 410 

Stampings, Adv. 32, 53, 324, 360 

Transmissions (variable speed), Edit. 115, 116, 147-150, 156- 
157; Adv. 246, 372, 415 

Tubing metallic, Adv. 63, 64, 65, 66, 208, 262, 263, 265, 
267, 274, 336, 389 

Tubing nonmetallic, Edit. 182; Adv. 194, 376 

Universal joints, Adv. 202, 356, 378, 394 

Valves, Adv. 35, 192 

Welded parts and equipment, Adv. 24, 25, 285, 358, 393 

Wheels, casters, Adv. 340, 392 

Wire, Adv. 68, 353, 364 

Wire cloth, Adv. 21, 316 


Production: 


Grinding, Edit. 158; Adv. 78, 288, 289 
Hardening, Adv. 36, 236 

Instruments, Adv. 374 

Service facilities, Adv. 407 

Tools, Adv. 18, 233, 323, 375, 8376, 380, 418 


MACHINE DESIGN is indexed in Industrial Arts Index and Engineering Index Service, both available in libraries generally. 
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Tanks and tank destroyers now serve a dual 
function ... for close range fire-power and 
as mobile, armored artillery units with an 
effective range of several miles. 


A precision aiming device . . . called the 
AZIMUTH INDICATOR ... enables the 
crews of tanks and tank destroyers to quickly 
adjust a gun turret to a direct horizontal 
and, with the aid of reconnaissance planes, 
the device accurately and quickly courses 
the aiming for the transverse position. 


IRGO-OF 


U. S. Signal Corps photo 


ACY! 


The azimuth indicator (illustrated) is made 
by the Beam Manufacturing Company of 
Webster City, lowa. The rubber parts [illus- 
trated) are produced for "Beam" by The 
Ohio Rubber Company. Like all components 
of the azimuth indicator, these rubber parts 
must conform to rigid standards. 


From beginning of manufacture to "end 
use" of the azimuth indicator, the aim is 
ACCURACY. When YOUR aim is accu-” 
racy in mechanical molded and extruded 
rubber or synthetic rubber parts—call for— 


1 NN 
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THE Oro RUBBER ComPANy - Wiuoucasy, OXI 


BRANCHES: 


DETROIT + NEW: YORK - 


CHICAGO + INDIANAPOLIS + WASHINGTON = CLEVELAN! 
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NARIABLE SPEED tA 
Stepless operation 


offers tremendous advantages on ‘many applications. You, your- 
self, probably have several applications on which varianie speed 
operation would improve the quality of the prouus: unc increase 
the quantity of production as well. 

For example, look at this oxygen generim: which produces 
from ordinary air, absolutely dry oxvrien tna’ is at least 99.5% 
pure. This Speedranger provides steyies: variable speeds so that 
pure oxygen ond only pure oxvier 1: pumped off. Provides a 
high uniform quality product <: pexi« production rate. 

But look more closely of "1: variable speed drive. It incor- 
porates not only the varic-:.« :; eed unit, but also a gear reduction 
to give speeds in exact’y »-« right range, and an explosion proof 
motor. All of these. ~°*: explosion proof motor, the variable 
speed unit, and the =--~- reduction ... all are standard Master 
units that easily «-~= -1e into one compact, integral power pack- 
age. Saves ord<:-= and mounting time...saves space...saves 
money. 

Probably yo- will not need exactly this same combination, but 
Master Speec:c~gers are available for every current specification, . 
every type ¢-< osure, with gearheads, unibrakes . . . and in the 
whole wice ‘ange of types in the Master line . . . in fact, is the 
most flexible, the most versatile line of variable speed drives in 
the world. 

The next time you need a drive for material processing, han- 
dling, ond conveying equipment; mixers and agitators; welding 
positioners; machine tool drives; testing and calibrating equip- 
ment... to name only a few. . . see what 2 really remarkable 
job Master Speedrangers can d. for you. 


THE MASTER ELECTRIC COMPANY 
DAYTON 1, OHIO SL JF 
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RANGIBLE BULLETS consist of a combination 

of lead and plastic material hard enough to be 
fired through a machine gun but soft enough to 
splatter harmlessly into a fine powder on contact 
with armor plate. A development of the Training 
Command, these bullets are used for combat train- 
ing and are shot at a fast target plane having more 
than a ton of specially treated armor plate. 


OPTICAL SIGHTS have been added to the new 
folding model bazooka. The sights provide unre- 
stricted vision when leading fast-moving targets such 
as tanks and increase accuracy to such an extent 
that an infantryman may qualify as a “bazooka 
sharpshooter”. 


COLD-DRIVEN RIVETS are being employed on 
heavy mill building construction by Fort Pitt Bridge 
Works of Pittsburgh. The rivet is driven under 
sufficient pressure to enlarge the shank to fill the 
hole completely before the head is formed, resulting 
in greater stress-carrying value over hot-driven rivets. 


WATERPROOFED TANKS are so thoroughly 
protected that they can roll off a landing barge into 
the surf during amphibious invasion operations with- 
out danger of becoming “drowned out”. Heavily 
armored tanks can operate in six feet of water and 
go ashore fighting with this new waterproofing tech- 
nique, developed by United States Rubber Co. in 
cooperation with Army Ordnance technicians. 


NEW PETROLEUM RESERVES amounting to 
more than two billion barrels were added to the oil 
supply of the nation during 1944 by discovery of 
new oil pools and the further devglopment of older 
pools, according to the American Petroleum Insti- 
tute. This, despite the record production of 1,678 
million barrels during the year, leaves a net gain in 
the proved oil reserves of 389 million barrels. 


LOW - TENSION IGN. 

TION system for _ aircraft 

has been developed by Scinti, 

Magneto division of Bendix to make 

practical flights at altitudes of 50,000 fect 

and over. The new system makes possible 

higher voltage sparks at the spark plugs while pr. 

placing a high-tension current of more than 12,00) 

volts with a low-tension current. Better engine per- 

formance, easier control of electric current, less radig 

interference, and increased resistance to moisture 

and other atmospheric conditions are achieved with 
the system. 


VISCOSITY INDEX IMPROVER, a new organic 
compound known as Acryloid HF developed by 
Rohm & Haas, when added to hydraulic and recoil 
oils prevents dangerous thickening at subzero tem- 
peratures or excessive thinning in tropical heat. 


PRODUCTION DIFFICULTIES, manpower 
shortages and increasing military demands for cop- 
per, steel and aluminum have resulted in a tighter 
controlled materials situation for the second quarter 
of 1945 than at any time during the last severd 
quarters. 


TO AID OBSERVERS in “Hell’s Acre”—a mam- 
moth new hangar at the Army’s southern proving 
grounds for subjecting airplanes to temperature 
ranges from —70 to 165 degrees—tiny self-pro- 
pelled cars completely enclosed in glass and re- 
sembling a Buck Rogers device will carry their own 
miniature air-conditioning systems to protect the men 
against heat exhaustion. 


DEMANDS ON FACILITIES of pulp and paper 
machinery manufacturers for production of military 
equipment have delayed production of new 
machinery amounting to more than nine and one- 
half million dollars, according to WPB. 


SEVEN-CYLINDER Wright cyclone aircraft en- 
gine has been developed to produce 700 horsepower 
on inexpensive low-octane fuel. The new engine ® 
provided with a 2-speed supercharger drive. 


SURPLUS PROPERTY BOARD has announced 
that 7,018 civilian type planes, out of a total of 10; 
180 declared surplus, have been sold and paid for 
as of February 1. 
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Forecasting 


Aircraft Propulsion 


By Colin Carmichael 
Associate Editor, Machine Design 


= O MEET the propulsion requirements of present-day and future aircraft is a task 
which is taxing to the limit the resources of powerplant engineers. Specifications which 
are calling for speeds approaching that of sound, altitude performance reaching into 
the stratosphere, and enormous total horsepowers for new giant long-distance bombers 
and transports have tended to outstrip developments in the means of propulsion. As a 
result the whole thinking of aircraft engineers is in a state of flux such as has not existed 
since the Wright brothers successfully demonstrated the eminent suitability of the gaso- 
line engine and propeller as a driving medium. 

Because many engineers in other fields take more than passing interest in aircraft 
developments, it is hoped that this article will stimulate thought on the fundamental 
problems of aircraft propulsion. Recent engineering trends will be discussed, and the 
significance of new developments such as the gas turbine, jet propulsion and rocket pro- 
pulsion, as well as the conventional engine-propeller arrangement, will be evaluated in 
terms of their suitability in particular fields of application. 

Aircraft propulsion means of whatever type must be judged primarily on the 
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and stroke are approximately 6 inches and the Speed age a majOF | 
2500 to 3000 revolutions per minute. Weight is dfplar perfo. 
one pound per take-off horsepower. By Providing enyimse the NU 
cylinders, comparatively large total horsepowers ca pal rows. 
developed. Thus the 18-cylinder Wright engine shyefflinders 
the head illustration delivers about 2200 horsepower, ygg25 horse 
the 24-cylinder Allison engine, Fig. 1, is rated a ymegine © 
horsepower. Four of the Wright engines power exchjihe, when 
Superfortress, while the giant B-19 recently had the aivith liqui 
inal engines replaced with a set of the large Allign mt to the 
gines. number 
High output both at sea level and altitude js gifsepower 
through use of a supercharger which increases thy smnders €2 
handling capacity. The supercharger may be gear vibration 
or driven by a turbine operating from the exhay 
High-altitude planes use both. With normal boost ty 
Fig. 1—Representative of high-powered liquid-cooled percharger delivers to the cylinders air at approxima 
engines is the Allison 24-cylinder engine sea-level density even when operating at high altiui@lLancer 
Extra power for take-off and climb results from permitidfdld seem 









basis of the following two characteristics: 


a. Weight of complete plant per horsepower 
b. Weight of fuel consumed per horsepower per hour. 
5 


Upon these factors depends the ability of the complete 
plane to take off with a reasonable “pay load” which may 
include bombs and ammunition, personnel and supplies, 
passengers and freight, etc., and make a sustained flight at 
the required speed. 
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| Max Economy Lean Mixture 


4 
(2O% Excess Air) 
| j 


per cent 


z 


C 


Max. Power Rich Mixture 
(10% Air Deficiency 


cay 


Assumption: Thermol and mechonico 
losses 2O% of ideal efficiency 


Or 
| 
| 

4 

Air-Handling Capacity Vital | 
| 


fAICIENCY 


In aircraft which depend on the atmosphere for oxygen 
to support combustion of the fuel, the horsepower which 
can be developed is directly proportional to,the engine’s | | | | 
ability to consume air. Hence the weight of an engine is Calculoted from Marks’ Mechanica 
determined by the amount of equipment necessary to han- Ei anes Handbook, fourth edton 
dle that air, mix it with fuel, burn it and convert the re- EEA aa at 
leased energy into usable power. Thermal efficiency of SON 
the conversion also is a significant factor in determining 
the size of the engine required as well as the weight of fuel 


E 


MOMILE 


to be carried. Fig. 2—How thermal efficiency of gasoline engines aig’? ' 
Secondary factors whose importance at present depends with compression ratio and fuel-air mixture we 
upon the intended service of the plane are | 
c. Ability to perform at high altitude the supercharger to overboost and deliver air to the cyl, i 
d. Ability to furnish high plane speed. ders at higher pressure. nsed. 





Development of substantially higher horsepower } 
engine hinges on increasing the capacity to handle a 
Four principal ways of doing this are: 


While high-altitude flying frequently is associated more 
with avoiding flak or bad weather than with economics, the 
reduced drag in the rarefied upper air has an important ef- 





fect on fuel consumption and therefore on take-off weight a. More cylinders per engine 

as well as upon speed. Super speeds, now thought of as b. Larger cylinders : 

mainly a military requirement, may eventually become c. Higher revolutions per minute 

standard practice for all except certain special-purpose d. Greater supercharge boost. Bes 
ships. Improved thermal efficiency also results in more p™ ut 





In order to see the more radical developments in their _ as well as better economy and less fuel weight. Follows * 
true perspective, the present status and future possibilities | are some of the problems that must be solved in order 
of the conventional engine-propeller system will first be effect increased horsepower performance by these meals: § 
discussed. More Cyinpers: As the number of cylinders pet © 

RecrerocaTinc Encines: Present-day reciprocating en- gine is increased the mechanical complications multi 
gines for high power develop approximately 125 horse- while in the case of air-cooled engines the cooling pro 4 
power per cylinder at take-off and have thermal efficiency becomes acute. It is no secret, for instance, that “ad 
at cruising power exceeding 30 per cent. Cylinder bore of the 18-cylinder double-row radial engines ™ the 
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Speed al a major problem that had to be licked before the spec- 
it is coylblar performance of this ship could be realized. To in- 
ding ode the number of cylinders above 18 will involve addi- 
For example, larger air-cooled engines with 
With a fair average 


al OWS. 


WETS cay 
linders are under development. 
























ine sho 

Dower, yjgm.25 horsepower per cylinder, it is conceivable that such 

ted at engine could put out 28 x 125= 3500 horsepower, or 

rr each Bike, when fully developed. 

ad the « ith liquid-cooled engines there seems to be a practical 

Allis Mit to the number of cylinders per bank as well as to 
number of banks that can be accommodated; the 2600 

de is aisepower Allison engine, Fig. 1, has four banks of six 

ses the Minders each. Additional cylinders per bank accentuate 

gear-tie vibration problem. 

xhaustg 

Oost the Why Not Bigger Cylinders? 

proximal 

h altit@lancen Cy~inpers: Although larger-bore cylinders 

permittiqguld seem to offer a promising means of increasing horse- 


¢ output per cylinder, several obstacles stand in the 
of further development in size. One is the increased 
uty of cooling the cylinders, valves and pistons; with 
re than one-third of the heat energy in the fuel con- 
ito work, two-thirds must be dissipated as heat. In- 
cl as the energy released is proportional to the volume 
acy inder, which varies as the cube of the bore, while 
imlace for dissipating heat is proportional to the square 
bore, it will be appreciated that cooling difficulties 
fe in direct proportion to an increase in bore. While 
feooling can remove heat more effectively from the 
itself, the question of piston and valve cooling 
ther difficulty is that the weight per horsepower 
M0 increase with bore. If a new engine could be 
fd from an existing design by increasing every di- 
mam in the same proportion, all stresses, including in- 
Siesses, would be identical if the pressures in the 
and the piston speed remained the same. Under 
® conditions the horsepower of the larger engine would 
se as the square of the bore while the weight would 
tase as the cube of the bore; the weight per horse- 
‘ therefore would increase directly as the bore. A 
i factor is the resulting increase in frontal area pre- 
itd by the whole engine as the cylinder size is in- 
sed. It would seem that cylinder size is not likely to 
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§ 3~Compound en- 
utilizes exhaust 
"Y to drive turbine 

tis geared to 
, uiait as well as 
a 9 Supercharger 
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increase more than a few per cent. 


HicH Speep: Increasing the revolutions per minute is 
subject to two major limitations: One is the increase in the 
inertia stresses, which means heavier moving parts, and the 
other is the increasing difficulty of getting the fresh charge 
into the cylinder through the limited opening offered by 
the valves. While speeds may increase somewhat, such 
increase probably will be limited to a few per cent. 


SUPERCHARGING: Increased power through greater su- 
percharge within the limitations of available fuels is more 
promising. Two factors are involved: Engine knock (deto- 
nation) and cooling. Engine knock is the result of squeez- 
ing and heating the air-fuel mixture until it acquires the 
properties of a high explosive. In normal combustion a 
flame initiated at the spark plug or plugs travels across 
the cylinders at a finite speed less than the speed of sound 
and is accompanied by a relatively smooth pressure rise. 
When detonation occurs, however, that part of the mix- 
ture which has not yet burned explodes with shattering 
violence. Compression of this unburned mixture to the 
detonating point occurs in three stages: In the supercharg- 
er, in the cylinder during compression stroke and in the 
combustion chamber by the flame itself. Occurrence of 
detonation may be delayed by proper design and cooling 
of the cylinder head and pistons, and by the use of high- 
octane fuel. High-octane fuels increase the power by 
permitting higher degrees of supercharge (to increase air 
capacity) and higher compression ratios (to raise thermal 
efficiency). Contrary to popular opinion such fuels have 
no more inherent power, the heat value being about the 
same for all gasolines regardless of octane number. 


What Can Be Done with Super Fuels 


Recent developments in fuels indicate that knock need 
no longer be a limiting factor in the development of max- 
imum power. However, for the reason that heat to be dis- 
sipated is roughly proportional to power developed, the 
cooling problem is vital in any attempt to increase power 
through supercharging. 

According to performance figures obtained on a liquid- 
cooled test engine using a new super fuel, the present 
125 horsepower per cylinder on 100-octane fuel might 
some day be increased to as much as 330 horsepower. Such 
a gain would make it possible in a 24-cylinder liquid- 










cooled engine of present-day design to- develop as much 
as 8000 horsepower. 


THERMAL EFFICIENCY is a function of the thermody- 
namic cycle upon which the engine operates. Primary 
factors influencing thermal efficiency are the maximum 
and minimum temperatures of the cycle—in general, the 
greater the extremes the higher the efficiency. In the re- 
ciprocating engine relatively high thermal efficiencies are 
possible because, due to the intermittent occurrence of the 
maximum temperature, the cylinder, piston and valve ma- 
terials operate at temperatures far below the maximum 
with the result that combustion temperatures of 4000 de- 
grees Fahr. or more may be employed. Aiding the attain- 
ment of high temperature ratio is compression ratio, one 
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Fig. 4—Thermal efficiency of gas turbine or turbojet 
engine varies with maximum cycle temperature and with 
pressure ratio, as shown on this Allis-Chalmers chart 


of the most important design factors affecting thermal ef- 
ficiency, Fig. 2. As compression ratios increase beyond a 
certain point, however, the mechanical efficiency tends to 
drop off due to the heavier moving parts needed. Present 
aircraft compression ratios are about 7:1 or less, while 
optimum compression ratio, assuming a suitable antiknock 
fuel, seems to be about 10:1. Increasing the ratio from 
7 to 10:1 would result in about 18 per cent improvement 
in thermal efficiency. Further, because more of the heat 
is converted into useful work, less heat remains to be dis- 
sipated by cooling and the engine could be expected te 
carry a higher supercharge. 

Some additional power may be obtained from conven- 
tional engines by other means. For example, the exhaust 
from the engines or from the turbosupercharger may be 
concentrated in the form of a jet to provide additional 
thrust. This feature is being incorporated in new designs. 

Again, the injection of a water spray into the inlet to 


+C. S. Bachle—“Some Possibilities of Turbine Compounding with the 
Piston Engine’, S.A.E. paper presented at annual meeting, January, 1945. 
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_velop a thrust, actual propeller speed must remain I 





aid cooling and: suppress detonation Permits conggpersely 
able increase in output, especially in emergencies, pip , eith 
ther, it is possible to design the cowling around an gy be en 
cooled engine so that the heated air furnishes a jet tp geet 05 
vide a thrust which more than offsets engine drag jy be 10 


Compounpinc: A possible line of development ; hselag 
under investigation is to employ an exhaust gas tye! 
larger than would be required for supercharging ay pirical 1 
geared to the engine shaft, Fig. 3+. The combination is 
effect, a compound engine in which the cylinder is the hig 
pressure unit and the turbine the low-pressure unit, By | 
creasing the exhaust back pressure, a larger proportio onvent 
the total power will be developed in the turbine. Thee? © 
bine can extract more power by expanding the erty? | 
gas to atmospheric pressure, which the limited-volume #™* © 
ciprocating engine cannot do. It has been estimated 4 cular 
by this means the thermal efficiency at cruising speed mj rad é' 














be raised to 40 per cent, with a reduction in weight j en inter 
horsepower of about 12 per centf. p older 
exciting 

Problems in Applying the Diesel discusse 

jet Pro 


DiesEL Encrines: Comparing the diesel at its prestily 2 
stage of development with the gasoline engine, the weiggttheed | 
per horsepower is greater due to heavier construction apt tech 
lower operating speed, while thermal efficiency is sligifgse in 
better and the less volatile fuel is less of a fire hazagevention 
Because the heat of compression is relied upon to initiqpoes pla 
combustion, difficulty is experienced in obtaining prongyle, is 
combustion at high speed due to the “hang-fire” charngeped. 
teristic of most fuels. As a result an accumulation of ipege b 
jected fuel in the cylinder suddenly inflames, causing dieqpvettul | 
knock. Fuel of high “cetane” number (which is an oppgtt. 
site characteristic to octane number) must be used andgoweve 
high compression ratio employed. per he 

So far, diesel engines for aircraft have been limited 
size to units of less than 1000 horsepower. However, hig 
supercharge hastens combustion rather than otherwise ag _p, 
therefore tends to suppress knock, so there is prospect § ,,, 
further development although at the present time there < 
little activity in this field. 















Limitations of Present-Day Propellers 


PROPELLERS: Conventional types of propellers are 
ject to serious limitations when their tip speed approact 
the speed of sound. Because local air speeds over the blatfiet 
necessarily must exceed the average speed in order to qf" 


than the speed of sound if “compressibility burble” and 
sulting loss of efficiency is to be avoided. For plane spe 
much in excess of 450 miles per hour, therefore, the c 
ventional propeller offers little promise. Further, fort 
absorption of large amounts of power a large diame 
propeller is necessary and the revolutions per minute ml 
be kept low to avoid too high a tip speed. In recent 
installations the speed at cruising is only 600 revolutid 
per minute, reduction gearing being employed between” 
engine and propeller. For propellers of similar desig 0 
working with the same tip speed, the weight of the ; 
peller per horsepower increases directly as the diameter 
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as the revolutions per minute. Multiple pro- 
either side by side or in tandem (dual rotation), 


NCies, 
nd be employed to keep the weight down where large 
jet tp er must be absorbed. With such a system the engine 
rag "be located at any convenient point, perhaps inside 
él fuselage, the power being transmitted to the propellers 
me r through mechanical gearing and shafting or by 
: rical means. 
ing angel 
ation js , , . . 
s the hi Reciprocating Engine Will Continue 
nit ye 
»portion mventional engine-propeller systems, having been 
The puatt to high state of mechanical perfection and with 
exhasgevect of further improvement, may be expected to 
Alla ° 
volume mptimue serving for some years in many types of planes, 
nated yeti ly where moderately high speed and good fuel 
wid my are important. Radical new powerplants on 
veight hintensive development work is being done may over- 
n older ideas of what constitutes high speed, and offer 
aciting prospect. The more significant of these will 
discussed in the light of their potential applications. 
Pp 
pt PROPULSION: Two jet-propelled U. S. fighter planes 
ts presqgedy announced, the Bell P-59 “Airacomet” and the 
he weiggetteed P-80 “Shooting Star,” employ the type of power- 
ction ant technically known as the “turbojet,” which was dis- 
is slighsed in a previous articlet. Here the breakaway from 
e hazammvention is complete, and the performance of these 
to initigpnes places them in a new category. The P-80, for ex- 
g promgeple, is said to fly faster than any plane hitherto de- 
” charmoped. The turbojet unit in this craft is installed in the 
ion of igeage between the cockpit and the tail. It is far more 
ing diegverful than any conventional reciprocating engine for 
an oppgeeatt. 5 
ed andgiowever, the new powerplant does consume more 
lper horsepower per hour, due primarily to the fact that 
imited 
sy. ut TABLE. I* 
po Powerplant Plus Fuel Weights Compared 
I Type Powerplant Thermal Propulsive Total Weight 
> theres of Weight per Efficiency Efficiency Lb per Trip 
erplan Cruising hp PerCent Per Cent per Thrust hp 
For 300-mile trip at 550 mph 
ne ..... . BE 16 64 9 
bpopeller 2.21 16 52 3.1 
mm | 8.0 40 52 5.9 
Ms......... 84 31 52 6.9 
are Suge ae 40 52 7.8 
proacl For 3000-mile trip at 300 mph 
he b 3.0 40 83 8.6 
aoe wae 3.9 40 83 9.7 
erto@e™t......... 3.4 $1 83 10.5 
mee 16 83 14.0 
> and . 51 16 40 26.5 
e spe Tim $.A.E. paper by C. S. Bachle. 
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Mrates on a continuous cycle, which does not permit 
imum temperature to exceed that at which the metal 
of the turbine can operate. Propulsive efficiency, 
Mis a function of plane speed to jet speed ratio, is low 
Mat the highest speeds because of the large percent- 
ot jet energy thrown away in the slipstream. With 
~ Sperating temperatures the thermal efficiency and 


tnalyzing the Jet Propulsion Engine”, MACHINE DESIGN, July, 1944. 


Destcn—April, 1945 


jet speed will increase as shown in Fig. 4, but propulsive 
efficiency will drop unless plane speed also increases. 

At high altitude the performance improves because the 
extremely low air temperature improves the thermal ef- 
ficiency while the low air resistance permits the attain- 
ment of sufficiently high speed. At high speed the turbo- 
jet is greatly aided by the “ram” effect, or conversion of 
the kinetic energy in ‘the high-velocity air entering the 
compressor into potential or pressure energy. This in- 
creases the overall effective pressure ratio, thus improv- 
ing the efficiency (Fig. 4) and output power. 

Considerable emphasis has been placed on the sim- 
plicity of the turbojet engine and the rapidity with which 


Fig. 5—Below—Schematic diagram shows how gas turbine 
may be used to drive a propeller as well as furnishing a jet 





it may be replaced in a plane. It may be reasonable to 
conclude that a new concept of endurance has arisen, 
whereby the unit or certain parts of it are considered “ex- 
pendable” and therefore are operated at temperatures 
which permit high performance but, at the same time, rela- 
tively short operating life. 


Gas Tursines: To maintain high thermal efficiency and 
to improve the propulsive efficiency would involve ex- 
tracting more energy from the turbine in order to reduce 
jet speed. This can be done by increasing the size of the 
turbine and absorbing the additional power by means of 
a propeller geared to the turbine shaft, Fig. 5. The result- 
ing combination is a “turbopropeller” drive in which the 
propeller is primary and the jet secondary. Turbine ef- 
ficiency, which depends on ratio of bucket speed to jet 
speed, is independent of plane speed and therefore can be 
reasonably high even on a moderate-speed plane. Propeller 
efficiency also is higher than jet-propulsive efficiency at 
moderate speeds. “Present indications are that the gas 
turbine-propeller drive will find wider application in the 
near future than the turbojet, which will be limited to 
superspeed planes. A favorable aspect is the absence of 
stringent fuel specifications, as either type will burn a wide 
variety of fuels. 

Because the thermal efficiency of the gas turbine in- 
creases with size, while large single propellers offer diffi- 
culties, it has been proposed to employ in some cases one 
large turbine, perhaps located in the fuselage, with an 
electric drive to multiple propellers located in the wings. 
New 400-cycle generators and motors are light enough in 
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weight to make such a scheme feasible. 

How the five major types of powerplant already dis- 
cussed compare for short high-speed trips and for long 
moderate-speed trips is shown in Tasie I. For the short 
trip, powerplant weight is all-important while for the 
longer trip the product of propulsive and thermal effi- 
ciencies would control the choice of powerplant because 
of the resulting fuel economy. 


Engines for “Vengeance Weapons” 


Buzz Boss: A form of jet-propelled plane which dis- 
penses with the compressor and turbine is the “impulse- 
duct” or “resonant-tube” engine. Employed in the Ger- 
man V-1 flying bomb and also now in production in this 
country, the unit is simply a tube about ten feet long with 
a series of check valves at the front end and open at the 
rear. It operates on an intermittent cycle with a limited 
amount of compression resulting from the periodic surge of 
flame back and forth in the tube, which resonates like an 
organ pipe. Fuel is injected into the air as it streams past 
the check valves while the flame is surging to the rear; 
when the flame surges forward again the pressure rise 
closes the check valves and the mixture explodes. 

Thermal efficiency is low, probably not over 2 per cent, 
but the unit is light in weight—about one-third of a pound 
per horsepower—and of inexpensive construction. It is 
strictly expendable and consequently appears to have ap- 
plication only in the form of missiles. 


Rocket Proputsion: Known as the thermal jet engine, 
the type of propulsion used by rockets carries its own oxy- 
gen, thus differing fundamentally from powerplants pre- 
viously considered. For aircraft propulsion, thermal jets 
using solid fuels such as nitroglycerine and nitrocellulose 
are employed to assist in take-off of flying boats and land 
planes and also are used to launch the buzz-bomb type of 
flying missile. The units develop a high thrust for a short 
time, which is usually measured in seconds, but once the 
reaction is started it cannot be controlled, hence applica- 
tion to sustained flight is not practical. 


Liquid Fuel Permits Intermittent Operation 


When liquid fuels are employed for a thermal jet, 
control of the jet is possible, as in the case of the German 
ME-163 fighter. Fuel and oxygen last only a few minutes 
if used continuously but actually the plane can stay in the 
air for a considerable time by soaring and gliding, using 
the thermal jet only in short spurts. Weight of the equip- 
ment is light in proportion to the power which can be de- 


Oxygen Pump 


| Oxygen Tank 
+ 


veloped, the only equipment being storage tanks fo, 
means to deliver fuel to the burners, and the combust 
chamber and nozzle. 

Rocket projectiles, as distinguished from aircraj 
make much more effective use of the thermal jet. 
craft which depend upon wings.for support are limi 
speed whereas a projectile can travel much faster thy 
speed of sound and can attain high propulsive effig 
as the rocket speed approaches the jet speed. |t is 
fact, possible to operate with these speeds equal, in wh 
case the propulsive efficiency is 100 per cent. The 
nical, if not military, success of the German V-2 md 
bomb is an indication of what may be in store 
thermal jet engine is further developed. 


Performance of an Actual Rocket 


A spectacular achievement of World War II, the 
weighs 12 tons, which is as much as a large fighter p) 
and has propulsion equipment capable of propelling it 
a height of 22 miles in 71 seconds, when its velocity 
ceeds 3600 miles per hour. Thereafter, with power{ 
off, the projectile soars to a maximum height of over 
miles and finally descends to earth 200 miles from 
starting point. During the 71 seconds of power figh 
tons of fuel are consumed and ejected, this correspa 
ing to an average rate of thermal energy release 
1,350,000 horsepower. According to published figures 
jet velocity is about 6400 feet per second, while the 
is twice the initial weight of the projectile, or 48) 
pounds. At the end of the power flight the rocket velo 
is 5280 feet per second, hence the speed ratio is about ! 
which would correspond to a propulsive efficiency of 0 
90 per cent. Maximum thrust horsepower would be d 
to 460,000 and the net efficiency 34 per cent at top speq 

Rockets would seem to have their chief application 
flight above the atmosphere, as in the case of the V 
or for possible interplanetary travel. With present 
the weight of fuel necessary to take a rocket projec! 
beyond the influence of the earth’s gravity would have 
be nearly 98 per cent of the total initial weight. 
fuels are developed which utilize atomic energy, it wil 
course be possible to improve upon this figure greatly. 

Macuine Desicn acknowledges with appreciation | 
cooperation of the Air Technical Service Command, Wrig 
Field, Ohio, in connection with the preparation of sof 
of the information which appears in this article. The 
ticle was approved by the War Department in Washing 
after modification of the original manuscript. 
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Basic Controls for 


Sequence Operations 


By R. O. PERRINE 
Supervising Engineer 
Cutler-Hammer Inc. 


M ANY machines and processes operate in such a manner that the electrical 
equipment must provide a definite sequence or program of operations. In analyzing 
the problems presented by such applications and designing the proper controls, there 
are certain basic ideas which, when recognized, form useful tools in the preparation of 
the complete design. 

In designing an automatic machine in which electrical apparatus is to be utilized, 
the basic questions which must be answered before the control scheme can be de- 
veloped are: ; 

1. Will operation be fully automatic or semiautomatic? 

2. What means can be used to determine the sequence of events? 

3. Will there be any selective variations in the cycle and, if so, how will the 
variations be obtained? 


Principal applications of sequence controls in industry include machines for 
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illustration. 


Automatic operation when once started continues in- 
definitely in a repetitive manner until some action is taken 
An instance of this would be a machine tool 
with automatic loading, or a punch press with automatic 
feeding which could continue its operation indefinitely as 


to stop it. 


handling of materials and processing materials, and in ma- 
chine tools. A typical example of a machine in which 
sequence operations are employed is shown in the head 


long as material or stock is available. 
Semiautomatic operation consists of a process which 
proceeds only once through its sequence and remains in- 


active until again initiated manually. 
is a shell lathe which must be reloaded manually. 
loaded and the operation initiated, its cycle proceeds in 


some manner as follows: The spindle starts and the tools 


advantage. 


For many machines, especially those of a COmplicg 





hes OF 
nature, a sequence may be set up electrically to ore re w 
Usually the electrical sequence resus Mactor Swi 

lower cost, less complication, and increased flexibility, @ihese tw 
some machines a combination of mechanical an 4 vs and th 
trical control can be used most effectively, ends it 
Sequence operations may be controlled electrically | The m 
one or more of the following methods. 4 to the 


An example of this 


When 


approach the work rapidly; as the tools reach the work 
their speed of approach is reduced to a slow cutting feed; 
when the cutting is completed the spindle stops, and the 


tools retract rapidly to the original position, stopping until 


the next cycle in initiated. 

In the case of some machines, the sequence of events 
may be entirely mechanical and connected to the condi- 
tion of processing. For example, a conventional auto- 
matic screw machine has its entire sequence under the 


control of a master cam drum, which in one revolution 


mechanically performs the various operations for complete- 
ly machining a single piece. 


ment. 


. Position of a certain part of a machine, or of seven) 


1. Position of material in process may be used to con. gpcussed. 
trol the operation of the handling devices, For j, 
stance, as a pan of material on a series of conveyon 
moves along over the various devices it operates 
electrical switches which control its further mov. 


Where 
most re 
es. In| 
incorpo 
uy be in 
effect ¢ 


parts of the machine in combination, may be utiliz! 
to operate electrical switches, controlling the furthe 
operation. Again referring to the shell lathe exampk, 
the position of the tool feeding mechanism can s 


up the entire sequence. 
. Time controllers may be preferred in processing 


The fi 


meme for 


equipment so that each event happens a definite time e place 


Features of Basic Circuits for Cycle Control 


after the preceding event. Flame-hardening m &§ seneral 
chines might be an example of this. The heating § 
quenching and control of the flame can best bea | 7 
complished by timing. 01 
. Electrical program devices, in some cases, govern s¢- t 
quence operations entirely within the electrical sy 3 
tem but tied up with the machine operation. Suc 
a device might be in the fom 
of a magnetic notching de “ee 
vice which notches cach time me ally 
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Representative Initiating Protection or Distinguishing Typical 
Diagram Contact Release ‘eature Application 
Rotary Motions—Make One Revolution, Stop 

Fig. la Momentary Protection Basic circuit Crank-operated 
pusher 
Fig. la Momentary Release Basic circuit Crank-operated 
(without M pusher 
contact) 
Fig. 1b Momentary Protection Nonrepeat on Punch press 
or Main- maintained 
tained control 
Fig. lc Momentary Release Nonrepeat on Intermediate steps 
or Main- maintained in a composite se- 
tained control quence 
Fig. ld Momentary | Protec tion Circuit immediate- For very slow 
| ly maintained motions 
Fig. le Momentary | Release Circuit immediate- Intermediate steps 
ly maintained in a composite 
| sequence 
Reciprocating Motions—Move Out, Back, Stop 
Fig. 2a Momentary Protection except Two limit Tapping machine 
while FS limit switches eed motions 
switch is engaged 
Fig. 2b Momentary Protection—For- One limit switch Tapping machine 
ward Release— or feed motions 
Revolution 
Fig. 2c Momentary Complete Pro- Two limit Tapping machine 
tection switches or feed motions 
Fig. 2d Momentary Electrohydraulic Feed motions 
maintained posi- 
tion valves 
Fig. 2e Momentary Electrohydraulic_ Feed motions 
or Main- maintained posi- ‘ 
tained tion valves—non- 
repeat on main- 
tained contact 














a machine function takes 


place, setting up the circuit Fe" 
for the next function. An gle cyc 
electrical program device has fon up 
its greatest application in two J Itis 
kinds of situations: 1. Where Re same 
the machine cycle is complet- ming ir 
ed in a different position of fines js 
the machine than the pos Brioys d 
tion at the beginning of the By hel 
cycle. 2. Where the machine fh, ag 
cycle is variable for different cily 
type of work, and @ cor sin 
venient means of setup is te 
quired for establishing the bre 
” sequence. posing t 
In : 
5. Combination of several of rane 
these means as well as some ia 
purely mechanical means to is ope 











provide one coordinated ma- 
chine and control is often 
found desirable in practice. 


If a machine or process i 
operate in any manner but a dé 
nite fixed cycle, prelimina 
thought must be given in dete 
mining how these variations ™ 
be obtained. 


When limit switches a i Ba 


volved, the cycle may be ¥ 8 Pty 
by merely rearranging "Wripin. 


poses, | 


. 
ION | 
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cOmplicafiches or by omitting or adding certain limit-switch functions. diagram for a circuit of this type is shown in Fig. 
’ tO ged other situations the switches may remain fixed with electrical la. Both electrical and mechanical arrangements 
resully Bctor switches to commutate the circuits. Often a combination are indicated. In the starting position, limit switch 
ibility. @ ese two will be found desirable. A careful study of the varia- 1LS is held open by the cam. To start, the push- 
| and dies and their relation to the method of control will usually pay 
dends in simplicity and flexibility of the finished machine. Fig. 1—Below—Single-cycle schemes for non- 
ctrically | The method of varying the cycle is, of course, intimately re- reversing crank motions 
[hi to the method of overall control of the cycle as previously 
| to cop. gpcussed.. 
For i. Where time is the basis for the cycle, variations can usually 
onveyon fp most readily incorporated in the time-controlling device or de- 
operat favs. In the case of electrical program devices, variations may 
r move fb incorporated in adjustments of the program device itself or 
y be incorporated in separate electrical selectors which alter 
 sevenl i. effect of the program device at any particular position. 


xample Designing the Control Scheme 


The first decision which must be made in designing a control 
rcessing fRheme for a sequence controller is the consideration of what will 
te time Be place if the cycle is interrupted for any reason whatsoever. 
8 MB ceneral three situations may arise. It may be desired: 





eating, 

be ae ]. To resume exactly where the cycle was interrupted 

2, To return each motion manually to its original posi- 

> » tion before resuming 
wh 3. To have the system biased to return automatically to 

Such its original position. 
e fom 
ig de- , gids 
b sas A sequence may be interrupted by loss of power, which is an 


takes ially important consideration in some locations; or by some 
circuit @eBeNcy situation where an operator may interrupt the auto- 
_ Ay atic cycle as, for example, when operating an emergency stop 
ce has ton upon the breakage of a tool. 
in two § Itis necessary in situation 1 to keep the control setup exactly 
Where fe same after restoration of power, or after operation of the re- 
nplet ming impulse, as before the interruption occurred. This some- 
on nes is taken care of by the position of the machine and the 
PoS* Beious devices. Sometimes it must be accomplished by mechan- 
illy-held electrical control devices as a part of the controller. 
i use of electrically-maintained circuits should be watched es- 
tially closely, as the loss of a circuit by this means is likely to 
is re- (outin the loss of the sequence which can then only be restored 
- the ff Manually operating an appropriate limit switch or manually 
posing the particular conta tor or relay. 
ug In situation 2, each motion can be operated manually and 
some F'“Pendently, as well as in the automatic sequence. This type 
1s to contro} is usually advantageous on machine tools, since it per- 
ma- FS operating the independent motions separately for setup pur- 
often pres. Care should be taken in the design of circuits so that no 
ee. pPttion of the automatic sequence is put in motion while operat- 
sis €° manually. On some machines it is advantageous to arrange. 
-a deg “euits so that the automatic sequence cannot be initiated 
mina? When the various motions are all in the normal starting 
dete 
ns m 















The arrangement in situation 3 is seldom used, due to the 
umd of equipment starting without notice on resumption of 
t and returning to the initial position. 

_ Basis of all sequence-control arrangements is the single or 
it cycle, or the movement of a single motion away from its 
‘ual position and again back to this same position. A simple 
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button is operated closing contactor M, causing the machine would run continuously. The desired result mighf rotary 
the cam to rotate. As it begins to rotate the limit be accomplished as in Fig. 1b by utilizing an additional Mt ed by 
closes, and a maintaining circuit is established for switch 2LS and an additional relay N. When the machine i jiscussic 
the contactor coil. When the machine returns to the starting position and the pushbutton is released, relay N wifjchines, 
its original position 1LS opens, de-energizing M be energized through the normally-closed back contacts of this classif 
and stopping the machine. pushbutton. A maintaining circuit also exists around the buttome. 24, ©: 


The next step might be as follows: Supposing 
that the machine should make only one cycle even 
though the pushbutton be held closed. Obvious- 
ly, if the button in Fig. la were held closed, 


contacts. When the button is operated the contact of relay Mit switc 
completes the circuit between the pushbutton: and contactor Both of 
and the operation of M is the same as in Fig. 1a. However, jquld res 
the button is held down, when the cam comes around to ‘" of the 
switch 2LS this switch will de-energize N which will Open, opengeles the} 
ing the pickup circuit to M, so that M will open when 1L$ opengpdition © 
Fig. 2 ra? Below — Single-cycle schemes for re- Only by releasing the pushbutton is the pickup circuit estafy. 2c. ’ 
versing motions. These are also adaptable to lished N heref Pra . 

. ; ished to N. Therefore, it is necessary to release and again dem the ad 

reversing electrohydraulic systems s 
press the button before another cycle can be started. 


System Has One Dead Spot 


Supposi 

This scheme is satisfactory as long as the machine does nt T 
accidentally stop with the cam engaging 2LS. In this case therpu™ 
would be no pickup circuit to either M or N, and it would be ine th 


possible to resume operation unless some other method were sem 
employed, as for example a separate pushbutton for manu sucht] 
operation. ly hel 

Another single-cycle arrangement is shown in Fig. lc. Iti ied. T 
particularly adaptable to intermediate cycles in a complete sq’ ° 
quence, where the setup must be kept and the cycle must resume © 


regardless of where it may have been interrupted. The initiatin coils 
device is shown as a pushbutton and is assumed to remain closeq’ ily v 
all through the cycle. In actual application it might be a limi eg | 

c¢ OF 


switch operated by the preceding motion of the sequence. 
this arrangement a mechanically-held relay LR is used. This re" 
lay has two coils LRC and LRT. The former serves to close the" # 


wer, 


contacts and the latter to open them. ically-op 

In the starting position the limit switch is engaged so th t hydra 
the contacts are the reverse of the mannersshown in Fig. 1c. Witt ch 
the pilot device released, a circuit is. made to coil LRC, closin control 
contact LR. When the pilot device is operated, a circuit is mad Contro 
to contactor M. As the cam moves, the limit switch is released = 
The limit switch establishes a parallel circuit to M and also ene enoid 
gizes coil LRT which opens contacts LR. Thus the only circul sam 


path to coil M is through the limit switch contacts. When ti 
cycle is completed the limit switches open M, stopping the cycle 
It is then necessary to release the pilot device and reclose it b 
fore another cycle can take place. 


. 3+] 


Variations Arranged to Suit Application 






There are of course many variations to these arrangems@t 
to suit practical conditions. For example, the scheme in Fig. 
-might be varied-so that it would not be necessary to hold t 
initiating pilot device closed until the limit switch has been #1 
leased. Such an arrangement would be advantageous where | 
motion is rather slow. A typical scheme is shown in Fig. ld. © 

The scheme in Fig. 1c might be ‘adapted to the use of a mi 
mentary-contact initiating device but to retain the function ¢ de 
suming after an interruption of the cycle, as in Fig. le. Basic # 
tures and typical applications of these single-cycle schemes 4 
summarized in the accompanying tabulation. . 
All of the basic arrangements so far discussed have ® 
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It igh rotary OF crank motions. Reciprocating motions op- 
ral limited by reversible operators must also be considered in 
ine ig ;Auiscussion of cyclic control. Such devices as tapping 
N wéehines, milling table feeding, etc., would come under 
: of ts classification. A basic circuit might be as shown in 


, butte. 24, or 2 variation of this using a single snap-action 


relay [at switch operated by a shipper rod is shown in Fig. 2b. 
ctor Both of these schemes are indefinite as to whether they 
vever. quid resume after an interruption depending on what 
to lindietof the cycle the interruption should occur. As isolated 


n, openees they could be made definite in not operating by the 
S opendiiion of a so-called undervoltage relay as shown in 
t esta. 2c. This arrangement corresponds to Fig. 2a except 
gain dg ‘the addition of the relay. 


Cycle To Resume Automatically 


Supposing that, instead of protecting, on interruption, 
sinst restarting, it is desirable to insure that the cycle 


loes nd 
se therspume where it left off. A control scheme might be used 
1 be inet the same as in Fig. 2a; however, the mechanical 


d werrugement of the electrical contactors F and R would 
sich that the maintaining interlocks would be mechan- 
ily held in position until the other contactor had op- 
>. [teed The same might be accomplished by substituting 
atacts of a mechanically-held relay in place of the main- 
ning contacts of the contactors F and R and by putting 
soils of the mechanically-held relay in parallel indi- 
lully with the contactor operating coils. 

Many electrically-controlled cyclic processes use hy- 
ce. [illic operators instead of electric motors as a source of 
This rep": Such systems usually involve an electric motor 
lose thae™itg a pump to supply hydraulic pressure, and elec- 
ically-operated valves for controlling the flow of fluid to 
so ti’ tydraulic operators. Since the valves have some in- 
» Witeeat characteristics contributing to the overall method 
closing “utrol, a separate discussion is warranted. 

‘s mad “trol of a hydraulic piston, which is the usual hy- 
sleasedgeuulic Operator, is often by means of a double-acting 
o eneretoid valve. Such a valve has two solenoids opposing 
- circu other. If one of the solenoids is energized, the valve 
hen thats fluid pressure to one end of the piston and relieves 
e 
e it be 
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4. 3—-Below—Cyclic circuit with voltage-failure pro- 
tection for hydraulic-feed control 
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the other end. If the other solenoid is energized the ac- 
tion is reversed. Some valves are arranged to spring 
center to an intermediate position where both ends of the 
hydraulic cylinder are closed. Electrical contro] arrange- 
ments are the same as for an electric motor and Figs. 2a, 
b and c would apply. 

Another type of valve is the maintained-position or non- 
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Fig. 4—Control diagram for a flame-hardening machine 


self-centering type. This valve introduces characteristics 
in the overall system that are the equivalent of a mechan- 
ically-held .electrical relay or contactor, and proper con- 
sideration must be given in the electrical circuit for these 
characteristics. The motion when once initiated continues 
its course until mechanically stopped, or electrically re- 
versed. A sample circuit for such a system might be as 
shown in Fig. 2d. The scheme is adapted to a momentary- 
contact initiating device. 

If the initiating device stays closed, some provision 
would be required to overcome the effect. Fig. 2e shows 
a form of circuit which might be adapted for this purpose. 
When prepared to operate, relay N will be closed, since 
the coil circuit will be energized through the resistor. Clos- 
ing the pilot device energizes F through the contact of N, 
and F stays energized until the limit switch is reached. 
The limit switch opens N, which short-circuits its own coil 
through the pilot device and its own normally-closed con- 
tact. Thus as long as the pilot device is closed F cannot 


be re-energized even though the limit switch again closes. 
Opening the pilot device breaks up the short circuit and 
allows N to close, making ready for the next operation. LS 
also energizes the return contactor. 

There are of course many variations on the basic idea 
of the single or unit cycle in applying it to actual situa- 
The 


tions, depending on the surrounding circumstances. 
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initiating deviee employed; whether or not the cycle is 
continuous; whether it may be interrupted to allow an in- 
termediate event to take place; the protective interlock- 
ing required with other events; and the manner in setting 
off the succeeding events—all have an effect on the detail 
arrangement of the control scheme. 

Fundamental characteristics of controls for reciprocating 
motions are also listed in the accompanying table. 

In most circuits involving cyclic control it is desirable 
to prevent automatic restarting after interruption as, for 
example, by failure of power. This is true whether the 
process is to resume from where it was discontinued or 
whether the motions are to be returned to an initial start- 
ing position. In some instances this requires an electrical- 
ly-maintained control relay with no other function. Such 
a relay would be operated by pushbuttons marked, for in- 
stance, reset or cycle start and stop. This is particularly 
true of cycles that are to resume. 


Protecting Hydraulic Circuits 


Often situations arise in the control of electro-hydraulic 
systems where combinations of valves produce a certain 
result. With such cycles it is possible to set up a control 
circuit which has undervoltage and stopping protection 
at all times, even during the actuation of any limit switch, 
without the use of separate undervoltage relay. Fig. 3 
illustrates a simple drilling machine with hydraulic feed 
control utilizing such a method. 

Arrangements like this require that there never be a 
transfer in which all devices open. In the illustration the 
sequence of operation is such that first 1CR closes, then 
2CR closes, then 1CR opens, then 2CR opens. This cir- 
cuit contains the requirement that, in case the cycle is in- 
terrupted, it is necessary to return to the starting position 
before it can be resumed. The valves in this case are not 
of the double-acting type but are single valves, which re- 
set when power is removed from the solenoid coil. 

In other hydraulic circuits the undervoltage and stop 
feature may be obtained in the control of the hydraulic 
pump. This might be accomplished with the schemes 
shown in Figs. 2d or 2e. With hydraulic systems involv- 
ing nonself-centering valves, control of the pump or con- 
trol of an additional master valve are the only methods by 
which low-voltage protection may be obtained. 


Interlocking Several Motions 


Some machines and processes involve several motions or 
unit cycles, and therefore require a control scheme to com- 
bine and interlock the various unit cycles adequately. The 
manner of combining circuits is as endless as the number 
of processes or machines which can be devised. Perhaps, 
however, an examination of a representative circuit will 
bring out at least a few possibilities. 

In Fig. 4 is illustrated a control for a flame hardener. 
It involves two motions and the operation of a valve, with 
part of the sequence under the control of a sequence time 
control and part controlled by the position of the machine. 
This device consists of a table which raises and lowers 






into a quenching bath under control of a table-down » 


noid valve. Release. of the solenoid raises the y 
Above the table is a burner which raises and lowers } 
means of the so-marked solenoid valves. Loading of 
table is manual. The automatic cycle has the folloy 
sequence of operation: 


. Cycle start button is operated 
. Timer starts 
. Contacts TA close immediately to open gas valve 


me CO ND 


. After twenty seconds contacts TB close and bume 
starts down if loader position is correct; timer i 
stopped while burner moves down 

5. With burner down, timer resumes for 30-second hea. 

ing period 

6. Contact TA opens and gas valve is closed 

7. At the end of twenty seconds contact TC closes 

dropping table into quenching bath for additioml 
twenty seconds and also raising burner 

8. After seven seconds timer contact T opens, resetting 

entire cycle. 





This controller, besides having a complete automa 
cycle, can be operated manually through the selectors a 
pushbuttons. The timer master controller is of the au 
matic reset type, resetting upon de-energizing its clutt 
coil. 


Has Three Hydraulic Motions 


In the head illustration is shown a Davis & Thomps 
Co. milling machine. In approximately twenty steps i 
machine completes all of the rough or finish milling of h 
channel sections on connecting rods for aircraft engine 
without the use of complicated and elaborate follow-up 
tracer systems. The machine has three hydraulical 
operated feed motions consisting of a rotary motion of th 
table, a straight line motion of the slide on which : 
table is mounted, and a horizontal motion of the cuttin 
head at right angles to the slide motion. 

Since the machine has a definite sequence of motiom 
all interrelated to one another, the cycle is set up by #* 
quence of limit-switch operations. Interesting features ( 
the control operation are that the motions must all be i 
an initial starting position before the cycle start bu Of 
can be operated. To get all of the motions into their 
spective starting positions, it is necessary only “ak : 
a single return pushbutton. This button is espect y : 
ful to reset the machine after cycle interruptions ~ 
power failures and emergency stoppages. Complete 
trol of the automatic cycle is obtained with only ra : 
lays in addition to the several motor contactors m° ud 
spindle, hydraulic pump and coolant pump motors. 

While an examination of the control scheme “3 : 
machine is beyond the scope of this article, it can fe 
that it incorporates many of the fundamental cons! “ 
tions that have been covered. The purpose of the 2 


. UV 
‘has been to emphasize such considerations pager 


that there is always a systematic approach ae 
involving the control of sequence or cyclic pr 
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= Hydraulic Transmission 


ing of th 


; engines 

low-up 0 

oa Facilit Feed Control 

nl acilitates Fee ontro 

e cutting 

motion By R. L. Rougemont 

byas Chief Engineer 

ye Reed-Prentice Corp. 

t butto 

their re 

operat 

ally us | WO hydraulic transmissions, identical in their characteristics, are utilized for the 

due | feed drives of the table and the cross slide on the vertical milling machine shown above. 

gases They provide a stepless, variable-feed drive ‘at constant torque together with one fixed 
pa rapid-traverse speed in both directions. The variable feed drive has a speed ratio of 

i approximately 50:1, giving a feed rate of % to 25 inches per minute. The rapid-traverse 

ge speed has a fixed rate of speed of 180 inches per minute. Built as a single unit, the 

Fe F hydraulic transmission is a variable displacement multipiston pump which delivers oil 
: to a fluid motor of the same type. 

es” Both transmissions are driven through gears by only one 5-horsepower electric 

é i motor at a constant speed of 1420 revolutions per minute. The variable speed shaft 


of the transmission is the hydraulic motor or output shaft and its speed is varied by 
changing the displacement of the pump and hydraulic motor. Control of speed is 
effected by solenoid-operated hydraulic valves mounted on the hydraulic unit itself. 
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For selecting feed or rapid traverse 
in either direction a five-position slid- 
ing valve is also built into the trans- 
mission unit and operated from a 
lever which is located at the front of 
the machine. 

Feed rate is determined by the po- 
sition of an adjusting screw or an air- 
plane-type handwheel, also located in 
front of the machine. Both control 
the displacement of the hydraulic 
pump and motor through wobblers 
carried by the shafts of these units. 
The adjusting screw is used for fixed, 
preselected feed rates, the handwheel_ 
for variable feed rates. 

Control of variable motion for the 
table and cross slide with these hand- 
wheels is one of the advantages de- 
rived from hydraulic transmissions. 
The controls are effortless to operate 
and will move the table or cross slide in either direction. 
Maximum motion of handwheels is about 90 degrees in 
both directions, neutral point being in the vertical posi- 
tion. Both table and cross slide can be moved in in- 
crements of .001-inch for setting up purposes. Another 
advantage of this type of transmission is the fact that 
screws are used for driving the table and cross slide in- 
stead of a hydraulic cylinder, as shown in the accompany- 
ing diagram of the table drive. 

Besides controlling the five-position sliding valve and 
variable pump, the control levers operate a set of limit or 
auxiliary switches which in turn energize or de-energize 
the solenoid valve and rapid-traverse clutch solenoid. The 
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function of these levers is to establish which method 
control is effective: | Automatic with preselected-leg 
speed rate or the handwheel with variable feed rate, 

Spindle motor and motor-driven hydraulic units are ée f 
trically interlocked. The purpose of this interlock ist 
prevent damage to the machine in the event the cutter 
overloaded to the extent of stalling or near-stalling dui 
a cut. If the table continued to feed when the cutter 
stalled, damage to the cutter and spindle head would, 
sult. Therefore provision has been made to stop the tal 
or cross slide automatically whenever the spindle moi 


-— 


is called upon to deliver approximately 300 per cent¢ \BOL 
full-load rating. when 
1 aerial 

peated] 
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ater ¢ 

By C. W. Sweetser ne 

alled i 

Assistant Chief of Structures ls of 

Grumman Aircraft Engineering Corp. Ex, 

N OW being successfully used in a new military airp we 
to solve a particular drive problem is the simple mai ay 
device shown in the accompanying drawing. The 5 We 
lem was to move manually an installation weighing a ® r 
80 pounds a distance of four feet, positively with ao ln 


pit control whose available motion was limited by 9 
considerations to about eight inches. Bechon: 
The principle of this device is one used constantly : 
hoisting and rigging work, in which several tums of a rong * Pat 


MENSEC 


. « an 
are wound around a smooth rotating drum and sg nvm 
applied to the rope through friction maintained by “te ec 
ing the “loose” end of the rope taut. In this pie tal 
cable drives the drum and the loose en is held tau bticall 
spring. th inth 

‘ ble runs from 
The drive operates as follows: A cable Fa fixed tM Sp 


actuating handle around a pulley and throug 


MAIN) 
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hich a compression spring expands against a fixed 
Sind a sliding bushing, the latter bearing against a 
aged to the cable. Another ball, also swaged to 
limits the cable travel when it contacts the stop 
ibe. The cable extends from this tube in several 
und a drum which in turn is attached to a sprocket. 
‘chain engaging this sprocket transmits the result- 
fon to any point required. The cable continues 
s drum into an end tube which is mounted above 
ithe same plane with the other tube. In the end 


a4 





ESIGN being universal, engineering de- 
lopments in one field have useful applica- 
ion in others. With this thought in mind it is 
ped that the engineers’ symposium on these 
ges, covering drive and control problems 

vecific machines, may suggest the answers 
to questions arising in other designs 
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By Frank W. Stellwagen 
Engineer-in-charge 
Fairchild Camera & Instrument Corp. 


tube, a bushing bearing against a swaged ball is forced by 
another compression spring against its stop, which is a 
liner in the tube. A roller and guide not shown in the 
illustration are provided around the drum to prevent im- 
proper threading or overlapping of the cable. 

When the cockpit handle is pulled, the cable grips and 
rotates the drum, as the other end of the cable is restrained 
by its spring. The other spring has also been compressed 
to provide energy for the return of the cable to its original 
position. The length of cable between the end balls in 
each tube has been so determined that, on the return 
stroke, the coils around the drum immediately expand 
until they are free of the surface of the drum. This al- 
lows the system to “free wheel” between strokes. 

With the unit arranged as described a pumping motion . 
at the handle effects an interrupted but positive rotation 
of the sprocket in one direction, which can continue as 
long as is necessary to give the required chain motion. 

The extreme simplicity of the device, and its resulting 
reliability, recommend it particularly for use in combat 
aircraft, in which maintenance is always critical. 


lependability Achieved With Heaters 


r cent 0 


rive 


alrpidl 
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BOUT 1934 our first heating problem was encountered on a motor- 
wen timing device, called the intervalometer, for automatic tripping of 
aerial camera at predetermined intervals. The intervalometer failed 
yeatedly during high-altitude flight because of the low temperature. 
ie to these failures, about 400 units had to be rebuilt with minimum 
nges to insure reliable operation under high-altitude flight conditions. 
A two-watt, wire-wound resistor and a thermostat, which closed the 
uler circuit when the temperature was below 45 degrees Fahr. and 
ned when the temperature was above 90 degrees Fahr., were in- 
aled in the mechanism. Insulation lining was placed in the inner 
ls of the case to reduce heat losses. 

Experimental tests of this thermostatically-controlled heater resulted 
tholding the torque demand of the mechanism essentially constant from 
is 9 degrees to minus 40 degrees Fahr. Use of thermostatically 
mitoled heaters and thermal contacts in motors results in a smaller 





man 

ye projemtor size, lower current demand, and a more uniform mechanism per- 

g abo™mance over the extended temperature and voltage range required for 

a codg*"l photography. 

y spad t advantage of the heater was that moisture particles, con- 
“ised on the ball bearing surfaces of the drive motor and 

antly #anism, did not freeze. In the past these frozen mois- 


f arog Particles had jammed the mechanism so tightly that 
ower #" 2 oversized motor would not drive the mechanism 
y kee’ Would cause frequent breakage of gears and pins in 
fice tige® Mechanism. 
ut by Success of the intervalometer redesign sold us on thermo- 
“eally-heated mechanisms. More recent applications, 
om tha? the Fairchild gun camera, have been taken care of in 
od tu SPace and with more uniform heat distribution by 
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using a smaller thermal protector and a flexible wire-wound 
resistor covered with fiberglass sleeving. 

The flexible resistor permits winding the heater element 
throughout the mechanism. This allows the most critical 
locations to be uniformly heated. It is preferable to hav- 
ing all the heat concentrated in a rigid resistor depending 
on air conduction to circulate heat through the enclosed 
area. This is particularly useful where a film magazine 

(Concluded on Page 170) 
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Novel Applications 


of Roller Chain 


IFFICULT design problems 
often can be solved by appli- 


cation of standard parts or 
units in a manner not generally con- 
sidered conventional. The applica- 
tions discussed on this page show how 
three tough problems were solved 
by using standard roller chains. 


I N the shaper (shown below) for 
forming wood parts, Baldwin-Rex roll- 
er chain is fitted around the bottom 
edge of the form holding the work to 
be shaped. The form is revolved by a 
feed sprocket engaging the chain and 
is held in contact with the guide col- 
lar by air pressure. 





In the printing 
press mechanism 
illustrated above, 
two rows of 
shafts carrying 
rub ber friction 
rolls must rotate 
in opposite direc- 
rections to feed 
paper into the press. On one set of 
sprockets the outside row of teeth is 
machined to the root diameter, and on 
the other set the inside row is ma- 
chined. With one row of sprockets 
driven from the outside strand of the 
Baldwin-Rex double chain and the 
other row of sprockets driven from 
the inside strand, there is in effect 
produced a rack and pinion drive 
with an endless rack driving the chain 
pinions. 


Tue marine transmission (upper 
right) makes possible a_ reversing 
propeller-shaft drive using two non- 





Tn 


Coupling to Starboar 


reversing engines with the combine 
power of both engines effective i 
either direction. Diamond multipk 
roller chain is threaded over & 
sprockets as shown. With both e 
gines running in the same direct 
the propeller shaft will turn clo 

when clutch A is engaged and clute 
B disengaged. Sprockets C and! 
then drive the propeller shaft a 
sprocket H floats free on the shaft. T 
reverse, clutch A is disengaged # 
clutch B is engaged. Sprocket G tou 
on the propeller shaft, perm 
power to flow from sprocket C tof 
as well as from sprocket E to Hi 
conjunction with F, the idler spo} 
which is required to effect reve™ 
Action is smooth, and “full astem ® 
“full ahead” and vice vets ® 
achieved in only a few seconds. 
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SERVOMECHANISMS— 
How They Work 


By R. H. Rogers 
Industrial Engineering Division 
General Electric Company 


R ACK in the days when slaves were used to\provide motive power for sailing vessels, 
some ships were equipped with a mechanism which permitted the skipper to steer the 
vessel with the exertion of but little energy. His tiller was fastened to a vertical shaft 
at the bottom end of which, below decks, was attached a long horizontal pointer. This 
pointer was positioned directly above the power tiller, movement of which turned the 
ship’s rudder. A number of slaves were used to move the power tiller, taking their 
direction from the pointer over their heads. 

Actually, while the masters of these ancient ships no doubt referred to the device 
by some other name, what they had was a servomechanism, Although it was extremely 
crude and its profligate waste of manpower would not be tolerated today, nevertheless 
it did substantially what modern servomechanisms do. When the skipper moved his 
signaling tiller, it took time for the slaves’ reactions to take effect. This constituted “lag” 
in the system. Again, after the slaves had moved the power tiller they could not stop 
it with the ease enjoyed by the skipper with his signal tiller, so they overshot the mark 





and had to pull back to match the pointer setting, fi, 
extremely small movements of the pointer could Dot bell sitfere 
ognized as signals by the slaves, with the result thy 
system had a “blind spot” area. 
Relief Springs These three faults; lag, overshooting and blind Spot y 
‘ \ sist in all servomechanisms to this day. Although 4 
have been reduced tremendously, they are always pg 
; pa nevertheless. | 6—Be 
— \ ip In broad terms, servomechanisms may be liken snible, 
long, strong arms. They extend the operator’s Teach, get 08 
ply power to do the work, and move the load pragi. 
in unison with the operator’s control, starting and sy 
when he does. j 

That last mentioned, self-stopping feature is ap 
to the definition. To make this clear, consider a 
steering gear. When the pilot gives the wheel ong 
to port, the rudder goes to port a proportionate g 
and stops there. By contrast, an ordinary electrig 
control starts a motor when the control is tumed @ 
the motor continues to run until the control is tum 
Such a system on steering gear would be unsatisfagl 
it would put the rudder hard over with every sligh 
of the pilot wheel. 

Governing, regulating, leveling and __ positioning 
among the functions of automatic servomechanisms ant 
such systems must comprise four essential features: 
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fig. 1—Above—sServomechanism for steering ships 


Fig. 2—Below—An electric-hydraulic steering gear system 





1. A signal device through which the order to be exec...) 
is passed. It may be a rope, an oil line, a sly. 
potentiometer, a bridge circuit, a phototube, ete. 

2. A determining member which decides which way «till, 
is to take place and the urgency of the call. It my 
a reversing throttle, a four-way hydraulic valve,a am 
plex air controller, or an extensive electric control ssf 

3. Motor power to do the work. This may be an engi 
hydraulic cylinder, stored air, an oil or electric moto 
which some system of gearing may be connected. 


action when the order has been executed. This may 
a simple lever, a valve, a differential gear, or an elec 
system closely related to the signal system. 











An ideal servomechanism would maintain the respit 
in exact correspondence with the signal at every instant 
Fig. 3—Left—Re- time. This is impossible of attainment since the differes 
mote control by between the signal and the response is the very thing! 
a&pdrouiic _, tele- makes the system work. This lag in response after sig 
</n Pilot House ersten may be quite broad in some applications without dd 
Fig. 4—Below— any harm while in others it may be reduced to 3™ 


Differentialscrew 7.19 as possible. In modern systems that is near indeed 
type of follow-up ) 
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: Right —Closed-system type 
Ud not by differential gearing often is 
eSult thal jp provide restoring action To Control To Contre 
(on) Cid 
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asi ————— 1 4 
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Differential Gear 




















§—Below—Radial-piston type, 
e likeeiMpsible, adjustable-flow pump 

: as is employed frequently in 

hydraulic servomechanisms 
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Another characteristic 
hich may or may not be VP gia deni o Londs 

“fiical according to applica- ee ja SS SN RRS 
n is blind ‘ie Sos at (Maer AP 

Jes the signal must move a cf 

tle before action can be 
ted and the blind spot is 
ice the width of that little 
wement. The refinement 
i sensitivity of vacuum 
ve circuits have worked 
mers in narrowing the 
ad spot. 

The third characteristic is overshooting or hunting, in which the response Pig. @—~Balow--Prags conteol 
mon ahead after the signal has stopped, then comes back and perhaps 
hers a time or two before stopping. Heavy inertia loads aggravate this con- 
in. Electrical systems provide ready means for offsetting the tendency. i 

oq uunt circuits, limit switches, and dynamic braking are effective. “ ii 

The illustrations of this presentation show only essential features and will — 
lin the explanation of the general principles of most types of servomechan- ee ee 
is in active use. L 

Fig.1: One of the earliest and still a common form of servomechanism 
thesteering gear for ships. Signal is transmitted to the steam engine throttle 
Wie cable, shafts and gears, or by hydraulic means. The “differential 
ve” on the engine controls speeds and reversals by simple push-pull action 

ton valve. The follow-up or restoring function is accomplished by a 
hich fulcrums first about the connecting rod from the steering gear to 
me throttle, then about the signal connection to restore the piston to 
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si 
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Fig. 7—Above—Axial pistons are em- 
ployed in this adjustable-flow pump 
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is is an example of where wide blind spot is a virtue as it cuts down 
bvement from about twelve per minute to perhaps three per minute 
mation of the small angle signals sent down by a nervous quartermaster. 
™- 2: Electric-hydraulic steering gear has several advantages over the 
eating steam engine. An electric motor drives an adjustable, reversible- 
M@pump. Again a push-pull member provides control. When action is 
fed, oil is pumped from one jack around into the other, forcing the tiller 
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move relative to the cylinder block. In (B) the love ig. 1: 
tons are moving outward establishing suction gj 
upper ones are moving in, thus providing pressy, 
centricity of as little as 1/64-inch will start positive, 
ing action. In (C) the push-pull member has beg, 
out and oil is flowing in at the upper pipe and oyty 
lower one. One-inch diameter, one-inch maxim, 
pistons are usual so a delivery of 6000 cubic ingy 
minute is possible at 1200 revolutions per minute, 4 
to a 12-inch jack, this produces a movement of 
50 inches per minute with thrust amplification of 
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Fig. 9—Pneumatic servomechanism on railroad air brakes 
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over as required. The follow-up is similar to that in Fig. 
1. Stored energy in the motor rotor and pump cylinder 
block is not transmitted to the load, hence there is little 
tendency to overshoot. The motor and pump run continuously, 
so there is only slight delay in getting action. The hydraulic 
jacks provide a great Speed reduction between motor and rudder 
stock with few wearing parts, all well lubricated. Heavy shock 
leads on the rudder are relieved by by-pass valves between the 
jacks, thus doing away with mechanical means for relief. 

Fig. 8: A superior means for transmitting signals is pro- 
vided by the hydraulic “telemotor”, an arrangement of cylinders 
and oil pipes. This system operates well for distances some- 
times well over 600 feet, where cables or shafting would impose 
a considerable friction load and much lost motion. 


Fig. 4: This diagram shows a differential screw type of 
follow-up which often is used with Fig. 1. The pilot wheel, by 
shafting and gearing, turns a screw to move a nut to which the 
push-pull member is attached. The engine, through suitable 
gearing, screws the nut back to restore the control to “off”. 

Fig. 5: Differential gearing often is used with servomech- 
anisms to provide restoring action in a so-called “closed system.” 
Turning the pilot shaft turns the control shaft while the restor- 
ing shaft stands still or is following. When the pilot shaft stops, 
the restoring shaft continues until the control shaft is in the “off” 
position. There are many ingenious versions of differential gear- 
ing as applied to the follow-up function of mechanical and hy- 
draulic servomechanisms. 








Fig. 6: Hydraulic servomechanisms for machines, steering 
gear, turrets and other heavy-duty slow-moving jobs are served 
by reversible, adjustable flow pumps. One radial-piston type is 
shown. The cylinder block carrying seven or more pistons is 
driven at a constant speed by a motor. The stationary bridge 
across the center port divides it into suction and discharge sides. 
Pistons are guided by a movable ring (white in the diagram) 
against which the piston shoes are pressed by centrifugal force. 
As shown in (A) the ring is on center and the pistons do not 
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Fig. 10 — Above — A simple hydrauli¢ § 
mechanism with rack-controlled 4-way 
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Fig. 11—Above—aAll-electric servomechanis@® 
trols small a-c, reversing, split-field : 
Fig. 12—Below—Direct-connected selsya 
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ig. 1: Another type of reversible, adjustable-flow 
yp uses axial pistons. Again the drive is constant speed. 
wm the guide at the left is vertical the pistons do not 
relative to the cylinder blocks. Inclining the guide 
or less either way determines the flow of oil in quan- 
and direction. The motor half at the right, which 
be at a remote point connected by pipes to the pump 
has a fixed guide. Speed of rotation of the oil-motor 
mut shaft is proportional to the slant of the guide in 
pump member. There is a striking analogy here to 
ric systems. The pump furnishes constant frequency 
mating currents which are commutated by the station- 


ive plate to direct currents of oil. When a cylinder a ee Ra 
4 ‘ AC Motor OC Generator 


Receiver Se/sy Fig. 16—Absve—Ge2ared selsyns keep system “in phase’ 
‘ae 


Le port is passing the “land” between the valve ports the pis- 

ton is neither going in nor out. On the other or motor 

poma tee a oh cute! tail dinwe end, the direct currents of oil are inverted and have ad- 

potentiometer shaft justable frequency proportional to the flow from the pump. 

Potentiometer It will be seen that this frequency determines the speed of 
the oil motor. 

) | Fig. 8: A pump of one of the types just described may 

on: GEE ¢ be used on a machine such as the straightening press 

ites shown. The pump is driven by a constant-speed motor 

and is connected to a hydraulic cylinder. In the down 

| direction, because of the great area of the piston, the speed 

| is slow and the thrust is powerful. On the up stroke, the 


Pegs oe piston area is relatively small and up travel is fast but with 
little thrust.e The operator’s lever connects with the push- 
pull member which also is connected with a follow-up 
system. The operator has fine control over the high-pres- 
sure thrust. 


13 Above—System using three selsyns and a 
circuit controls field of d-c generator Fig. 9: The railroad air brake furnishes a good example 


a of a pneumatic servomechanism and the one to which we are 
#Below—Geared selsyns reduce “blind spot” oct often exposed. Under normal conditions, the main reser- 
voir is charged and the train line and auxiliary reservoirs carry 
about 80 pounds pressure. The engineer discharges some air 
from the train line, reducing its pressure by perhaps seven 
pounds. The “triple valve” now passes a moderate amount of 
air from the auxiliary reservoir to the brake cylinder and brake- 
shoe pressure is applied proportionate to the train line reduc- 
tion that was made by the engineer. The wave of depression 
travels back through the train line perhaps a mile or more in a 
few seconds, setting the brakes on each car in succession from 
locomotive to caboose. This ordered progress of braking pre- 
vents pulling the train in two.- The engineer can now increase 
or decrease the braking effect by lowering or raising (note op- 
posite effect) the train-line pressure. Restoring the train-line 
pressure releases the brakes and recharges the auxiliary reser- 
voirs. Bursting of hose or train pulling apart sets all brakes on 
both sections in “emergency application”, in other words, it fails 
safe. The follow-up system is in the triple valve, an aggregation 
of pistons within pistons, slide valves, tapered ports and check 
valves all comparable in ingenuity with many of our best elec- 
tric designs. 

Fig. 10: A utility servomechanism is typified in this steer- 
ing gear for heavy vehicles such as portable cranes on landing 
fields. The general idea is applied to heavy loads to be lifted 


Geared-Up Selsyns- 
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and lowered at low or moderate speeds. In some appli- 
cations the piston moves instead of the cylinder as is 
shown. The four-way valve takes many forms and it may 
be operated by a remote-control system. Oil for the cy]l- 
inder is usually furnished by a one-way constant-speed 
pump. Surplus oil is returned to the pump through a dis- 
charge valve. Slide valves of any kind are conducive to 
liberal blind spot, because valve lap must be provided and 
leakage causes the motion to stop with the port slightly 
open. To reverse, the valve must be traveled some extra 
distance before a working opening is established. 

Fig. 11:. This all-electric servomechanism is suitable 
for small motors of the reversing split-field series alternat- 
ing-current type. The motor circuit utilizes two pliotrons 
at the same potential and with a split anode transformer 
supplying the individual forward or reverse fields through 
the bi-phase half-wave rectifier circuit. Capacitors per- 
mit more current to flow from the half-wave sources. The 
resistance bridge contains two potentiometers, one moved 
by hand and the other driven to follow up as the motor 


Se/syns 
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Fig. 17—Power step-up in an electronic servosystem 


turns. When the two potentiometers are in practical cor- 
respondence at any point the motor stops rotating. 


Fig. 12: The familiar transmitter-receiver selsyn sys- 
tem or generator-motor system will serve to introduce the 
line of refinements that have become so important in re- 
cent years. This generator-motor system is used most gen- 
erally for indicating because such service does not impose 
much torque load on the motor member. At correspond- 
ence, torque is zero and it increases to a maximum at 90 
electrical degrees out-of-phase. When rotation of gen- 
erator and motor are maintained, one makes just as many 
revolutions per minute as the other but the motor lags ac- 
cording to the torque it is delivering. Depending upon 
size and type, dead swing one way may be from about 
three degrees to a little less than one degree. 

Fig. 13: Selsyns, including a differential selsyn, can be 
arranged as a servomechanism by making use of a bridge 
circuit. When the transmitter selsyn is turned, the elec- 
trical differential established between it and the receiver 
selsyn energizes the shaft of the differential selsyn, caus- 
ing it to turn in the proper direction an amount compar- 
able to the rotation of the transmitter shaft. The poten- 
tiometer arm, driven by the differential selsyn shaft, 
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throws out of balance the resistances in the bridge ¢; 


and, depending on which way the potentiomete , 
moves, current will flow from the direct-curent y, 
through the field of the direct-current generator in oj 


rection or the other. (Direction of current flow with | 
potentiometer setting shown is indicated by arrows) 


Thus the generator feeds the direct-current moto; yj 
impulses which will turn it in the desired direction, 4», 
train, or other transmission means, establishes the { 
back from the motor output to the receiver selsyn g 
after the shaft of the receiver selsyn has tumed thy 
the same number of degrees as was originally put into4 
transmitter selsyn, the electrical differential effected y 
drive the shaft of the differential selsyn in such dire 
as to turn the potentiometer arm back to center, 
action balances the resistances of the bridge circuit y 
no current will flow through the direct-current gener 
field, with the result that the entire drive stops. “Dithy 
(continuous vibration) is applied to reduce static bny 
and bearing friction in the differential selsyn to mak 
more sensitive to small changes. 


Fig. 14: In order to reduce the space in which acti 
is absent (blind spot) because of weak torque, the sey 
can be geared up, for instance, 30:1, as compared wi 
director and load. By this means the dead range of 
120 minutes of arc becomes only four minutes at the wo 
shafts. 


Fig. 15: Where selsyns are directly wired together, 
where an electrical differential is utilized for driving 
third selsyn as in Fig. 13, the amount of lag incuned 
the system is dependent on the sensitivity of the sel 
themselves to the small energizing voltages involved a 
the torque required to handle whatever light load is om 
nected to the driving selsyn. 

The diagram of Fig. 15 shows how lag can be cut dov 
considerably by using much smaller voltage differential 
The microscopic voltage set up between the selsyns is elt 
tronically amplified and the power output of the ampli 
is, in this case, used to energize the field of a direct 
generator. The unit referred to in the diagram as a0 
trol transformer” is merely a selsyn with a high impedaw 

Fig. 16: If the director (transmitting selsyn) of Fig! 
is turned too far or too fast, the two selsyns may get” 
of phase. This is especially likely to happen with inet 
loads and with geared units as in Fig. 14. A meaus' 
circumventing this possibility is to use pairs of selsyns™ 
transmitting and receiving, each pair geared together 
shown in Fig. 16. The selsyns carrying the large 
are referred to as “coarse”, and those fitted with the sm 
gears as “vernier”. The coarse selsyns serve t0 hold ti 
system in phase while at the finish the vernier units om 
in to mop up the error. The rest of the system is the sat 
as that employed in Fig. 15. 


Fig. 17: Using the selsyn pairs and electronic ampi 
of Fig. 16, the fields of an amplidyne unit can be ee 
gized from the vacuum tube circuit. In this case the 4 
watt output of the electronic amplifier is further amp™" 
to 1000 watts by the amplidyne, the output of whit 
energizes a one-horsepower motor. Geared feed-back 
the same as in previous diagrams. 
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ther T IS slightly over two years since the Army Air Forces asked some of the leading elec- 
e ea trical manufacturers of the country to undertake the development of a wholly new al- 
Me si ternating-current electric system for aircraft. While some of the details are not ready 
old t for publication, enough can be revealed to make this an opportune time to review the 
aba progress which has been made, and to evaluate the significance of this highly important 
“- development. 

Fundamentally, the object of an alternating-current system for aircraft is weight 
mpl economy through the use of higher voltages than now appear practical for direct-cur- 
e ene rent systems. Preliminary studies of alternating-current electric systems started long 
he tw before the war. Navy experience with high-power radio equipment had demonstrated 
7 as early as 1930 that alternating-current power equipment was far more reliable than 
wie direct-current equipment for supplying high plate voltages of the order of 1000 to 2000 
back volts. Use of dual generators providing variable-frequency alternating current for radio 





and direct current for the power system is common practice on Navy airplanes, and is 
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a compromise between direct-current and alternating-current sys- 
tems which is adaptable to many airplanes of moderate size. 

For large airplanes a higher system voltage than the present 
27-volt value is essential. Searching for ways to increase voltage, 
the Army authorized two experimental airplanes equipped with 


alternating-current systems in the middle 1930’s. The XB-15, 
shown in the head illustration (Boeing’s “Old Grandpappy”, 1937 
forerunner of the B-29), was equipped with a single-phase 800- 
cycle system, and the XB-19 (Douglas’ “Flying Laboratory”) was 
equipped with a 120-volt, 400-cycle, three-phase system. System 
capacities were relatively small, the power supply for each air- 
plane being a pair of small auxiliary-engine-driven alternators, 
and the installations were far short of the elaborate systems now 
being developed. 


Polyphase System Proved Superior 


The XB-19 was test-flown June 27, 1941, some four years 
after test flights of the earlier XB-15. Operation of the electric 
equipment on the XB-19 demonstrated the superiority of poly- 
phase power for motors and for parallel operation of alternators, 
as contrasted with previous experience with the single-phase sys- 
tem. Before December 7, 1941, alternating-current-powered air- 
planes had been interesting experiments, but with the advent of 
war they assumed new significance. Perfected alternating-current 
systems, according to the more enthusiastic engineers at Wright 
Field, would mean that the electric system would no longer be a 
limiting consideration in determining the maximum size of an 
airplane. 

During the dark days of 1942, Japan rapidly acquired all of 
the air-bases between Pearl Harbor and Australia. As the war 
developed, it began to appear high time to start developing an 
electric system which would overcome the limitations inherent in 
existing low-voltage systems; that is, by going to something of the 
order of 230-volt industrial practice. 


Controversy Is Still Raging 


Long-range airplanes must necessarily be high-altitude air- 
planes and it was decided that high-voltage direct current at high 
altitudes was a gamble that could not be risked, partly because of 
the unknown hazards of low arcing voltages and partly because of 
the known hazards (at that time) of excessive brush wear at alti- 
tudes above 30,000 feet. With this decision made, and a con- 
troversy initiated that is still raging, the Electrical Branch of the 
Equipment Laboratory at Wright Field set up an alternating-cur- 
rent engineering unit and attacked the problem of an alternating- 
current electric system in earnest. Tentative specifications were 
gradually whipped into shape. Basic elements of the system have 


been fixed since a general meeting at Wright Field on January 18, . 


1943. System characteristics are as follows: 


Volts, lirie-to-line ...... 208 at generator 
200 at load centers 
Volts, line-to-neutral .... 120 at generator 
aa tn senegal la hed 3 phases 
SE. os 3 ver ate 400 +20 cycles per second 


Bee Bier tsk aceon grounded 


Basic generating units are main-engine-driven alternators 
rated 40 kva at 75 per cent power factor. They are designed for 
parallel operation when suitable speed-controlled drives are pro- 
vided. Four such units provide 120 kw (160 kva) and require 
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distribution lines rated approximately 44 , 1 


peres per phase. By contrast, the familiar 4 
volt” system, operating at 27 volts, Would req 
copper to carry 4400 amperes. For long 
ductor spans, where regulation rather 4 
thermal capacity determines the size of condyslipine Mo 
required, the single 27-volt conductor woulj 
quire 17 times the copper that is required fy 
three of the 208-volt conductors. The redyug® ™* 
in weight is due entirely to the change in vol . ies 
and has nothing to do with frequency phases, 
Motors are of course polyphase, Fig, | sy 
ing a typical rotary actuator. They are opera 
grounded-neutral so that they will develop par 
ratings with one line shot away, and will q aoe 
tinue to run at light load with two lines jo maint 
away, Fig. 2, although they will not restart mag 
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(d) Weight 














erator 





Fig. 1—Above—Rotary actuator composed | 
400-cycle gearmotor rated 200 inch-pounds 
27.5 revolutions per minute. 





Conversi 


Devices 






Fig. 2—Below—Speed-torque curves of a 3-phos 
4-wire induction motor showing effect of havi 
one or two circuit wires shot away 
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“Table I—General Comparison of Various Electric Systems for Large Aircraft Generators Rated 24 to 32 Kw 





miliar “y 
uld Ulli 
long ‘ Equipment 
ther 


COnducifftime Mover - 
would 
red for fy a) Weight 
3 EG) Fuel efficiency 
‘Ted ch ¢) Maintenance 
1D VOjtagl ) Availability 
phases, 
1 sol lng 
> Operate 
lop pa 

P _ (A) Weight 

will t (8) Efficiency 
lines sh ©) Maintenance 

(D) Availability 


tart und 


400-Cycle, 3-Phase, 208/120-Volt, 


24-Volt Direct 


120-Volt Direct 


| Dual Generator System 
| 24-Volt, Direct Current 














4-Wire A-C System Current System Current System 120-Volt, Single-Phase 
Var.-Freq. A-C 
(A) Main engine | (B) Auxiliary | (C) Auxiliary Main engine Main engine Main engine 
| engine gas turbine 
| 
Light | Very heavy Very light Light Light Light 
Good | Very poor | Very poor Good Good Good 
Normal | Considerable} Minimum Normal Normal Normal 
Available } Not fully Not available Available Available Available 
developed at present 
Variable-ratio Step-up Step-down Double-universa! Double-universa Double-universal 
drive gears gears jack shaft jack shaft jack shaft 
Probably 3-5 Ib/kva} Low Low Low Low Lew 
Probably 60-80% 95-97% 95-97% Negligible losses Negligible losses Negligible losses 
Probably high Slight Slight Negligible Negligible Negligible 
Not available No problem No problem Available Available Available 








prator 


High-speed (6000 rp 


m) alternator 


Approx. 2 lb per kva (including exciter) 


Approx. 90% 
Slight 


Available for 40 kva at 75% 


pt 


Wide speed range (2700 to 
9000rpm)largecommutator 
complicated brush rigging 


Approx. 5 lb per kw 
Approx. 85% 
Moderate 

Not fully developed 


Wide speed range (2700 to 
9000 rpm) moderate com- 
mutator 


Approx. 4.5 lb per kw 
Approx. 88% 
Moderate 

Not fully developed 








Integral d-c exciter (weight included in alternator 


weight) 


Self-excited or separate 
exciter 


Self-excited or separate 
exciter 


Wide speed range (2700 to 
9000 rpm) two generators 
in one housing 


Approx. 6 Ib per kw 
Approx. 85% 
Moderate 

Not fully developed 














osed 
nunds 


Complicated control required—will require trained 


technicians for maintenance 


Accurate speed control required for frequency con- 


trol and for load division. 


Must operate more 


rapidly than engine speed can change 


Operates on exciter field. 


Must divide reactive 


power as well as control voltage. Weight 10-15 lbs 
. 


Volts: Amperes: Kilowatts: Kilovars: Frequency 


Synchronizing control: Frequency and voltage re- 


lays: Three-pole latched-in 
d-c operating coils 


Differential phase relay: 


circuit breakers with 


Exciter-céiling relay: 


Three-phase breakers for isolation and transfer: 
Thermal protection: Low-frequency relay: Fuses 
or other circuit-protective devices 


Parallel operation requires 


complicated control. 


Three relatively light-weight circuits are required. 


Fuselage used for neutral. 
power must be circulated 


Considerable reactive 


Simplest control 


None 


Requires a heavy-duty 
regulator unless an exciter 
is used. Weight 10-15 lb 


Volts: amperes 


Reverse current or 
differential-voltage relay 


Generator fault breaker: 
Thermal protection: 
Fuses or other circuit- 
protective devices 


Parallel operation is simple. 

One extremely heavy cir- 
cuit required. Voltage 
regulation a serious prob- 
lem. Fuselage used for 
return 





































Light-weight transformers for a-c to a-c voltage 


transformation. Approx. 2 


or static rectifiers for a-c to d-c conversion 


about 101b per kw, efficiency 


Ib per kva, m-g sets 
Weight 
about 60% at full load. 


Large inverters or additional 
engine driven alternators 
required for radio and ra- 
dar. 10 to 20 Ib per kva. 
Dynamotors for radio 25 
to 150 Ib per kw 


Control fairly simple— 
special interruption de- 
vices required 


None 


Requires a heavy-duty 
regulator unless an exciter 
is used. Weight 10-15 Ib 


Volts: amperes 


Reverse current or 
differential-voltage relay 


Generator fault breaker: 
Thermal protection: 
Fuses or other circuit- 
protective devices 


Parallel operation is simple. 
One or two medium-weight 
circuits required. Some 
objection to use of ground- 
ed return 


Self-excited 








Largeinvertersor additional 
engine driven alternators 
required for radio and ra- 
dar. 10 to 20 lb per kva. 
Dynamotors for radio 25 
to 150 Ib per kw 





Dual control required 


None 


Requires two regulators: 
d-c regulator 5-12 Ib 
a-c regulator 10 to 35 Ib 


d-c amperes 
a-c amperes 


d-c volts, 
a-c volts, 


Reverse current relay for 
d-c generator 


Generator fault breaker: 
Thermal protection: 
Fuses or other circuit- 
protective devices 


Parallel operation of d-c 
units is simple. Parallel 


operation of a-c units is 
impossible. One heavy cir- 
cuit and two light circuits 
required 








Characterized by high speeds, 





low weight, simplicity, 


minimum maintenance, moderate torque. 
Require at least two thermal protectors. 
Require de for brakes and clutches. 


Moderate speeds, moderate 
weight, high torques, mod- 
erate maintenance. Single 
thermal protector 


Moderate speeds, weight for 
large motor slightly less 
than for 27-volt motors, 
high torques, moderate 
maintenance. Relays prob- 
ably required for thermal 

protectors 


Light-weight transformers 
for a-c to a-c voltage trans- 
formation. Dynamotorsfor 
low power radio. Small in- 
verters for constant-fre- 
quencyinstrument circuits 





Moderate speeds, moderate 
weight, high torques, mod- 
erate maintenance. Single 
thermal protector 





Operate direct 





Use dynamotors or invert- 
ers 


Use dynamotors or invert- 
ers 





Operate from a-c or from 
d-c with dynamotors 





Ideal for motor on variable-voltage m-g 


Facilitates use of electronic 
suitable for thyratron drive 


sets. 


computers. May be 


Slightly heavier than a-c 
for variable-voltage m-g 
sets 


Slightly heavier than a-c 
for variable-voltage m-g 
sets : 





Slightly heavier than a-c 
for variable-voltage m-g 
sets 
















Ideal for gyroscopes and synchro-tie equipment. 
Facilitates design of many other instruments 





Usually require inverters 





Usually require inverters 





Usually require inverters 





Ability to synchronize, a very important considera- 


tion 





Flap controls, etc., require 
means for synchronizing 





Flap controls, etc., require 
means for synchrenizing 






Flap controls, ete., require 
means for synchronizing 





Easy to use most favorable voltage 
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Believed satisfactory 
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Does not appear practical because of need for speed 


control 






Possible but weight excess- 
ive. Power requirements 
would be very heavy 














Possible. Weight probably 
higher than other methods 





Possible but weight excess- 
ive. Power requirements 
would be very heavy 
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the latter condition. 

Availability of alternating-current systems does not mean 
that all large airplanes will or should use them. In select- 
ing the system best suited to a particular application many 
factors must be considered, the size and electric power re- 
quirements of the airplane being two of the most impor- 
tant. Installation weight, fuel consumption and, for a 
military airplane, the probability of an airplane reaching 
its destination, must all be considered. Fuel consumption 
for operating equipment may be of far more consequence 
than the equipment weight for operation over extreme 
ranges. 

Reliability is fully as important as weight. Pay-load ca- 
pacity achieved at the cost of reliability is not a good in- 
vestment; capital would be expended faster than the ficti- 
tious high rate of return could ever justify. Where pos- 
sible, of course, the designer will provide the spares nec- 
essary to assure the return of the airplane even though 
some vital device fails because of enemy action or because 
of its inherent weakness. The weight of this reserve equip- 
ment must be subtracted directly from pay-load capacity. 
Remaining deficiencies in reliability must be made up by 
supplying additional airplanes and crews. 


rN 


d (per cent) 
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30 


Full-Load 





Fig. 3—Above—Speed-torque curves for direct-current 
aircraft motors. One is for shunt, other for series motors 


Fig. 4—Below—Speed-torque curves for 400-cycle motors 
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Conversely, an improvement in reliability cuts do 


d some 
losses. “All-electric” airplanes, according to the AAR Set Sol 
much less vulnerable to combat damage than are hyd n best 


ically equipped airplanes. This is one of the Teasons fMstrumer 
the military importance of electric systems, since iis of th 
transition from hydraulic to electric operation of actuatd 


aversiO 
and accessories is a major factor in the expansion of eldie devic 
tric power requirements on large airplanes. The B.29 Ihys wil 
though equipped with a 24-volt, direct-current system, pply W 


considered the first all-electric airplane, and has the |; 
est electric system capacity of any airplane regardift 
which information has been released. | 


Theories Are Not Yet Proved 


Neither comparative reliabilities of 24-volt and 12.4 
direct-current equipment, nor the comparative reliabilit 
of 120-volt direct-current and 208-volt alternating-cune 
equipment have yet been established by operating exp 
ence, although some experimental and much theoreti@ 
evidence is available on these subjects. In general, 
absence of brushes and commutators on motors wil j 
crease reliability, and it is generally admitted that cir 
interruption problems will be less with alternating c 
than with direct current at comparable voltages. Ont 
other hand, it now appears that a variable-ratio drive, ; 
least for some time to come, may be as much a haz * 
reliability as were brushes at high altitudes at the time ti \,. 
original decision was made to develop an alternating 
rent system. 1 

Closely related to reliability is the factor determinis 9 
the time an airplane will be grounded for maintenan 3 
This factor may be evaluated as the pay-load utilizati@l 4 
factor. As the intricacy of the equipment increases, t@ 5, 

6 
7 
8 





time for ground maintenance is likely to increase in pi 
portion. Some of the equipment proposed for alternatin 
current power systems is admittedly much more intric? 
than equipment now being used for 24-volt systems. 11 
much should not be made of this point, however, as 2 These 
volt equipment is also growing more intricate as new mpious ; 


quirements develop. beer 

Although actual service will tell the final story, somgpmpone 
predictions regarding maintenance have been made ft le, re 
actual or anticipated designs on the basis of such gene peat de 
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considerations as the number of parts involved, the nec 
sity for abnormally accurate tolerances, likelihood of € 
cessive temperatures, vulnerability to combat damage, # 
ability to withstand abuse and improper operation. Ev 
uated on this basis, constant-speed drives and synchroml 
ing controls appear likely to require somewhat great 
maintenance and a somewhat higher standard of techni¢ 
ability to operate them than do any components of t 
existing 24-volt systems. Motors for use with alternatt 
current systems, on the other hand, will require considé n va 
ably less maintenance than direct-current motors now e a 
quire. “hed 

So far, electric systems have been discussed rather gem 
erally as to the effect that the system may have on the agree or 
plane. For proper overall perspective it is now nece™ s turk 
to consider the fact that all large airplanes calty g tion 
equipment which must be operated from direct cure”, an 
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cuts dodhd some which must be operated from alternating cur- 
> AAF Set, Solenoids and some forms of control apparatus func- 


 hydragpn best when designed for direct current, whereas many 
reasons fAtruments operate from alternating current. Regard- 
since dis of the type of power provided for the main system, 
f actuatdaversion equipment will be required to suit many of 
on of die devices to be operated. Where possible, of course, de- 
e B.29 Mes will be designed to operate from the basic power 
system, fkpply without the use of conversion equipment. 
S the la 
regard Table Compares System Components 

Although an alternating-current motor will weigh about 

) per cent as much as an equivalent direct-current motor, 

will not pay to install an inverter to permit the use of 

oq pemating-current motors on direct-current equipped air- 
a mes unless compelling reasons other than weight exist. 
a h the other hand, radar tubes require power at a direct- 
be - ment potential of many thousand volts. The lightest 
heal i most reliable method of obtaining this power is by 
neral, forming high-frequency, alternating-current power to 
s wil; uitable voltage and then rectifying it to provide the re- 
sat enol direct-current potential. The weight required on 
2 cue” current airplanes for inverters or for special alterna- 
” On ie provided solely for radar operation is considerable, 
‘drive itis negligible compared with that required for direct- 
h aa ment generation at the necessary voltage. 
yee Comparison of complete electric systems is facilitated by 
ating ing the system down to the following elements: 
ns 1. Prime mover 
2. Coupling device (with or without speed ratio) 

nieoeg 3, Generator ? 
itilizatidg@ = 4 Excitation source 
ases, WE 5. Control and protective devices 
e inp 6. Distribution circuits 
ernating§ = 7. Conversion devices 
intricaf 8. Utilization devices. 
ms, Td 
r, as 28 These elements may be compared item for item for 


new m@aious systems and for all sorts of airplanes. An attempt 
is been made to indicate the salient characteristics of the 
mponents of various systems in TABLE I. In such a 
ie, remarks are necessarily limited to generalities, but a 
tat deal of detailed information is available in technical 
ilications for those who require it. 

With so much progress in developing equipment for al- 
mating-current systems already recorded, it is necessary 
F “port that one tremendous obstacle has not yet been 
ichron@”seome. In MAcHINE Desicn for June, 1941, Dr. E. E. 
- grealigPine discussed the subject of “high-frequency power for 
ecanicgere "and pointed out the need for a constant-speed de- 
s of i i to couple the alternator to the main engine. Not 
maui more can be said in 1945, at least at this writing. 


ry, sof 
nade 
1 gene 
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d of ¢ 
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sonsid@lt Variable-stroke, friction-drive device to which Dr. 
now "Mor alluded was abandoned some time ago, but there 

“tied least three hydraulic devices which bear some 
her geq@Mmise‘of success, although at much higher weights than 
the a originally contemplated. Recent developments in 
cess turbines also suggest that an auxiliary gas turbine may 
ry SME ‘Suitable prime mover in spite of high fuel consump- 





"and that development of such a turbine may make it 
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possible to abandon the long quest for a constant-speed 
drive. 

TABLE I indicates that alternating-current systems will 
be justified for high values of connected load, and for air- 
planes of large physical size with power-transmission dis- 
tances exceeding 100 or possibly 200 feet. The dividing 
line between preference for direct-current systems and 
preference for alternating-current systems is not too clearly 
established, and will shift somewhat according to the suc- 
cess in developing an alternator drive and, as pointed out 
previously, according to the particular make-up of the 
various utilization devices which will be required on the 
airplane. 

One question of paramount importance cannot be an- 
swered at this time, namely: When will the new alternat- 
ing-current system be in actual operation? Some of the 
urgency has disappeared since 1942. Then again, much 
of the early impetus came from the high-altitude brush 
problem, a major obstacle to direct-current apparatus in 
1942, now almost a forgotten problem thanks to the work 
of Dr. Howard Elsey and his associates. Even so, with so 
much of the equipment already completed, it does not ap- 
pear that flight tests will be long delayed, although it is 
admitted that the first installations cannot be as complete 
as proponents of the alternating-current system would like 
to see them. 

If this prediction is correct, it behooves the designers of 
aircraft accessories to be ready with alternating-current 
versions of aircraft electric equipment. In general, con- 
version of existing direct-current motor-driven devices will 
be relatively simple and, in most cases, the alternating- 
current device will be simpler, lighter and easier to main- 
tain than its direct-current counterpart. Often, an alter- 
nating-current motor will merely be substituted for the 
direct-current motor, with negligible modifications of the 
accessory. Many designers, however, will want to take 
advantage of the possibilities inherent in alternating-cur- 
rent motor application by redesigning the accessory for a 
higher motor speed. 

The most popular speed for direct-current motors is prob- 


Fig. 5—Effect of voltage variation on speed-torque 

characteristics of continuous-duty and intermittent-duty 

400-cycle motors. Voltages are for maximum limits 
permissible on aircraft 


00d Tarque (per cent) 












ably 7500 revolutions per minute; 11,500 revolutions per 
minute is expected to be the most popular speed for 400- 
cycle motors, although conservatitve designers may hesi- 
tate to exceed 7500 revolutions per minute except for in- 
termittent ratings or for continuous ratings below one 
horsepower. Very large motors are likely to warrant 
special lubrication systems which will permit operation at 
11,500 or 23,000 revolutions per minute, speeds which 
are already exceeded on gas-turbine compressors and on 
superchargers. 

Use of built-in alternating-current motor parts is con- 
siderably simpler than is the case with direct-current mo- 
tor parts, since no brush rigging is used. As a compro- 
mise between motor parts and complete motors, the AAF 
are sponsoring the development of “three-quarter” motors, 
the bearing housing for the drive end being a part of the 
accessory instead of the motor. This method of construc- 
tion saves some weight compared to complete motors, and 
facilitates motor replacement compared with integral 
motor parts, but is being resisted by many manufacturers 
because it complicates problems of ventilation, factory 
testing, and responsibility for satisfactory operation. 

Care must be taken in applying any motor to recognize 
its speed-torque characteristics. For this reason typical 
speed-torque curves for polyphase motors are shown and 
contrasted with the speed-torque characteristics of direct- 
current motors in Figs. 3, 4 and 5. These curves are for 
illustrative purposes only, and the manufacturer’s curves 
for a particular motor must be used for design purposes. 
Fear has been expressed that alternating-current motors 
with high-ratio gear reductions may not have sufficient 
starting torque to overcome the drag of congealed lubri- 





Fig. 6—400-Cycle 


hysteresis-synchronous 

left, compared with direct-current motor-driven gyroscope. 

The former operates at 12,000, the latter between 7500 and 
10,000 revolutions per minute 


gyroscope 


cants at minimum ambient temperatures, but tests have 
shown that such fear is groundless if motors are properly 
designed. 

Designers who are familiar with portable tools know 
that the use of high-frequency, polyphase motors for high 
speeds and for high power at low weight is well estab- 
lished for grinders, woodworking tools and for many other 
hand-held tools. Such motors have no brush nor commu- 
tator maintenance problem, a serious obstacle to the pro- 
duction-line use of some portable tools with series-wound, 
universal motors. 

High-power output with low weight is not the only de- 





sirable characteristic of high-speed alternating-cure 
motors. Gyroscopic instruments are already largely alt 
nating-current-motor driven, although there are stil] », 
instruments using direct-current gyros. Most of the 
would be improved by the substitution of alternating. 
rent motors, since these motors have no brush friction, g 
free from carbon dust to spoil precision bearings, are exg 
to balance, and are much more uniform in speed. 
hysteresis-synchronous motor, Fig. 6, is particularly 
able for small gyros as it combines accurate speed wi 
simple construction. An interesting fact in favor of de 
type of motor is that it has a relatively constant impeda 
from locked-rotor to synchronous speed. 


Use Power Best Suited to Device 


When alternating current is available, fluorescent lam 
ultraviolet instrument illumination, and filament 
lamps may be employed where each is most suitable, a 
each type may be operated at its most favorable voltag 

Radio equipment is readily designed for alternatiy 
current operation and, in fact, the majority of high-poy 
ered transmitters are already constructed for single-phas 
high-frequency power. Radio may be operated sing 
phase as at present by using line-to-neutral power or mi 
be redesigned for polyphase operation with some red 
tion in weight of the power-supply filter. Although a 
stant frequency is not necessary for the plate-voltage sy 
ply, it is frequently necessary for some devices. This 
one advantage of the new system as compared with som 
installations where variable-frequency power is now p 
vided by means of variable-speed alternators; another a 
vantage is that far greater reserve capacity is available 
case one or two alternators fail. 

Operation of low-power radio transmitters and receive 
from alternating current eliminates the need for rotatin 
dynamotors for plate power but it also eliminates the po 
sibility of emergency operation from battery power. D 
pendence for emergency power may be placed upon: 
auxiliary alternator set, or some emergency radio equi 
ment may continue to be operated from the 28-volt bus 

Alternating-current motors appear to suffer by compal 
son with direct-current motors when variable speed is 
quired. The principal use, however, for variable-spe 
motors is for turret operation, and these motors must 0 
erate with precise control from zero speed to maximu 
speed in either direction. This is now accomplished! 
using direct-current, variable-voltage motors with fixe 
field excitation. A variable-voltage generator and ge 
erator-driving motor must be provided for each variabl 
voltage motor. Present systems may be used almost i 
tact by driving the variable-voltage generators from 4 
ternating-current motors instead of from direct-curmé 
motors. Considerable reduction in weight is possible ! 
driving two generators from one motor, since both ge 
erators never demand full power at the same time. Ma 
mum motor rating occurs when azimuth and elevatio 
speeds each equal 70 per cent of the maximum 
speed. Field excitation for the azimuth and elevats 
motors may be obtained from small static rectifiers, 

(Concluded on Page 190) 
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variabl ETAL bellows, while simple in appearance, require precise specification be- 

nost i cause of their varied, unusual and difficult functions. For instance, in the illustration 

rom 4 above are shown a few typical applications including switches, heat motors, couplings, 

cure valves, pistons and regulators. Today, metal bellows are performing functions which a 

sible h few years ago had been termed by engineers as not only impractical, but impossible. 

th ge What engineers can expect from bellows, what jobs they perform, and what considera- 
Man tion must be given them in design is the subject of this article. 

jevatio There are eight physical and operating characteristics which comprise the general 

terminology when discussing a bellows. These are as follows: 


















1 nak 

levatiog 

jers, 9 1. Outside diameter: Measurement across the end of the bellows from one outside edge to 
the other 


2. Inside diameter: Measurement from one inside edge to the other or, in other words, the 
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distance across the hole in the center of the bellows 

. Free length: Height of the bellows measuring from one end to the 
other while in a relaxed position, that is, while not subjected to any 
strain or pressure 

. Kind of metal, its thickness, temper, etc. 

. Number of convolutions or flanges in the bellows 

. Travel, or the amount that a bellows may be extended or compressed 
without injury 

. Maximum pressure to which a bellows may be subjected without 
injury 

. Flexibility of a bellows, which may also be termed “spring rate”. 


Bellows can be designed to suit almost any requirement where 
deflection by pressure is required. They are also useful as elec- 
tronic wave guides or as pressure regulators, Fig. 1. Any source 
of pressure—air, gas or fluid—may be employed. Although this 
article deals primarily with control elements, bellows are widely 
employed as sealing members both as stators or rotors, as perma- 
nent neawle Couphugs, us well as suock mounts or vibration ab- 
sorbers. 

During the present era of development in which automatic 
controls are essential for the proper functioning of mechanisms, 
bellows have peen adapied in ever-broadening fields. They are 
being applied in many cases where heretofore lack of knowledge 
of bellows and their possibilities has hampered development. 


Applications Indicate Extent of Possibilities 


Applications in the aircraft field will serve to illustrate this 
point. Primarily, bellows were used as aneroids to indicate alti- 
tude and, in connection with pitot tubes, to indicate air speed. 
Now, bellows are employed to indicate manifold, fuel and oil pres- 
sures. In conjunction with a carburetor as engine temperature and 
altitude measuring units, they control the mixture of fuel and air 
to each engine, Fig. 2. They also regulate the proportion of water 
injection with relation to manifold pressures and altitude. Pres- 
surized cabins utilize them to regulate the required amounts of 
oxygen at the proper altitudes. Bellows pressure switches, Fig. 3, 
may be used to give signals or to control associated equipment at 
any desired pressure. 

Jet-propelled planes have many possibilities for application of 
bellows as contro] units. New problems associated with the ad- 
vanced design of these planes have resulted in the development of 
bellows that will withstand the higher temperatures and pressures 
met in jet-propulsion service. 

In considering whether a bellows will solve a specific problem 
it may be borne in mind that bellows are not limited with respect 
to size, and that problems of corrosion are readily over- 
come. Metals such as beryllium copper, phosphor bronze, 
brass, stainless steel, special alloy steels, monel and inconel 
have been employed. These, when properly heat-treated 
in the bellows form, provide a previously determined 
spring characteristic and are capable of withstanding ex- 
cessively high pressures or temperatures. 

Methods of metal joining used in the construction of 
bellows include processes such as controlled-atmosphere 
copper brazing, atomic-hydrogen welding, heliarc weld- 
ing, silver brazing and induction brazing. 

Many engineers can design a bellows for their own ap- 
plication. It is wise, however, to call in a bellows engi- 
neer for consultation when contemplating the use of bel- 
lows in any new development. Here are the points that 
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Fig. 1—Above—Cross-sectional diagram of ug the 


typical oil-pressure regulator 
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Fig. 2—Below—Aircraft altitude compensig, ag 
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for fuel and air mixture 
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must be considered in specifying a bellows: 


Maximum external or internal operating pressure 


. Differential pressures 


Maximum or minimum inside and outside dia 


. Displacement or volume 


Thrust force 
Maximum or minimum spring gradient 


. Total deflection in extension or contraction 
. Free length 

. Lateral deflection 

. Maximum and minimum temperatures 

. Operating medium, internal or external 

. Bellows material 

. Maximum vibration 
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of attachments, top and bottom 


Sof a bellows and its performance depends upon its 
9 within maximum operating limits. These limits 
Mined by the travel ratio wherein the deflection is 
"A bellows cannot be selected until the maximum 
is found and a suitable safety factor is assumed. 
% be understood that under “no load”, where the 
is linear, the life expectancy of a bellows is in- 
| However, upon increasing pressures in a non- 
sourse, the life is reduced. 
ws with high spring gradient are selected for high 
Therefore, a lesser deflection per increment of 
me may be expected. For lower pressures, a low 
iradient may be employed to give a greater move- 
‘er increment of pressure. High pressure would 
mpture a bellows with a low spring gradient, where- 
bw pressure would deflect a high-pressure bellows a 
small amount. 
foo often a problem is approached with the bellows 
ng the final consideration. In so doing, limitations are 
ed on bellows selection, size, area or free length. De- 
ners should not expect a small capsule of a bellows to 
«ta great distance, a light-gage metal of being capable 
yithstanding extremely high pressures, or a high-pres- 
gnit to deflect a great distance. This sometimes neces- 
Sacomplete redesign of a device to accommodate 
foper unit. The engineer should remember that a 


am- of 


npenso 


®, while a flexing unit, must operate within its 
}space requirements. 


An indication of the possi- 
fof bellows’ extension is illustrated in Fig. 4, where 
mgth of 80 inches is twice the compressed length. 
ost devices where a bellows is used, it is the heart 
device itself and should be given primary consid- 


Fig. 3 — Left — 
Bellows incorpo- 
rated in switch 
permits operation 
at the desired 
pressure 


Fig. 4—Below— 
Special bellows, 
extended, is twice 
its compressed 
length of 15 
inches 
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eration. It should be the nucleus around which the entire 
unit is built. While “impossible” applications, in most in- 
stances, can be solved, they create an added amount of 
engineering and manufacturing cost. Often this results in 
designers saying “a bellows won’t do”, when in reality 
they have not taken all factors into consideration and 
given it a fair chance. Again, they will find that they 
must be satisfied with an approximation of the perfection 
that could have been had, had they considered bellows 
engineering problems from the beginning. 

Consideration that must be given the selection of a bel- 
lows when building gages may serve as an example. All 
operating factors of the gage must be determined, includ- 
ing pressures, size of final instrument, linearity for accurate 
indication, minimum deflection required, methods of ad- 
justment, methods of mounting, maximum hysteresis. De- 
pendability in operation and life expectancy are of utmost 
importance. In many types of electrical gages the meas- 
urements are made in millionths of an inch. Hysteresis 
then becomes one. of the most important factors. It is 
generally known that regardless of how accurately an in- 
dicator is built, there is always some loss between increas- 
ing and decreasing pressures. Electrical indication re- 
veals this characteristic in many instances. A highly tem- 
pered bellows with a small deflection is most properly 
adapted for minimum hysteresis. As an example, an elec- 
trical instrument has been built recently wherein twenty 
millionths of an inch was considered high hysteresis on a 
travel of one-tenth-inch. In the selection of a bellows of 
high-tempered phosphor bronze this hysteresis was re- 
duced to a maximum of five millionths. An engineer in 
the development of critical instruments should specify that 
the bellows required be calibrated through to spring gradi- 
ent or deflection per given increment of pressure, within 
certain limits of hysteresis. 

Generally, the best performance is obtained in any bel- 
lows as an indicating device when pressures are employed 
externally. This is attributed to the fact that travel is 
more linear in compression than it is in extension, and that 
more than double the pressure can be applied when pres- 
sures are employed in this manner. 

There are different types of bellows construction; the 
rolled type, the hydraulically formed type, the helically 
formed type and the joined diaphragm type. Some are 
manufactured specifically with economic consideration to- 
ward large production. Special types for operating pre- 
cision that have greater expectancies in life and low 
hysteresis are naturally more costly. 









Single-Line Air Cylinder Contr 




















By Spencer B. Maurer 


Research Engineer 
Chicago Pneumatic Tool Co. 


IMPLICITY of design is emphasized in a recently developed and the other to the air cylinder. With they; 
~ remote control for an air cylinder. This control uses only one _ set as shown at the left, the cylinder would og 

air line leading to a conventional shutoff valve, and regulates With the valve plug rotated 90 degrees, the 
the flow of refractory powder and air in a “gun” used to apply a__air would be shut off and the air cylinder ope 
refractory mix to the hot vertical walls of steel-making furnaces. to the atmosphere, allowing the air-jet plunge 

The gun unit on which the control is employed consists of a close off the hopper. 
hopper, a 20-foot length of two-inch diameter reinforced rubber With the “single-line” control of Fig. 1, the; 
hose, air and water lines, and a mixing nozzle and discharge pipe. _ inlet line is eliminated and the two-way val 
It is mounted on wheels for convenient mobility. The mixing replaced by a simple petcock. Air is supplied 
nozzle and discharge-pipe unit, fed by the long flexible lines, is held the cylinder from the plunger through a sm 
in the operator’s hands and manipulated so as to direct the dis- hole. Exhaust from the air cylinder is throw 
charging mix properly on the furnace walls. Because it is first the control line and petcock. By closing this » 
necessary to chill slightly and clean the walls with an air and water _ cock, air pressure is built up in the air cylin 
stream, the function of the control must be to shut off the powder and the air-jet plunger retracts, opening 
while maintaining the air and water feed. hopper feed. To close off the hopper feed ti 

In Fig. 1 is shown a cross section through the hopper and control petcock is opened, allowing air to escaql 
ejector unit. The air jet is mounted in a movable plunger which from the cylinder more rapidly than it enters ¢ 
is moved to the open position (shown) by pressure in the air cyl- _ to the relative sizes of the inlet hole and the 
inder, and is closed by the force of the springs when the air pres- _ haust air line. 
sure is relieved. When closed, the rubber seal at the end of the 
air-jet plunger is wedged into the entering taper of the ejector 
tube, forming a tight seal which prevents leakage of the refractory 
powder into the discharge stream. When open, the powder is fed 
by gravity through the hopper down to the active area of the jet ers 
where it is picked up by the air stream and carried out through : me 
the discharge hose and mixing nozzle where the correct amount of 
water is injected into the stream. 

In the conventional method of con- ee a ee 
trolling such an air cylinder—illustrated hen: shee bow ate te 
in Fig. 2—two hoses are required from fed directly through 
the hopper unit to a two-way control plunger to jet and cyl- 
valve at the mixing nozzle. One of the inder. Cylinder closes 


two hoses is connected to the air supply when control valve is 
opened 







Fig. 2—How conventional control operates 
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How Planetary Reducer 


Aids Compact Design 


By M. E. Cushman 


Project Engineer, Propeller Division 
Curtiss-Wright Corp. 


N ADDITION to its basic function of efficiently converting engine torque to useful 
thrust, the modern controllable-pitch propeller is expected to perform several other 
functions essential to the safety and efficiency of modern aircraft. Of these, first in 
importance is the constant-speed control required of the propeller in order to provide 
optimum powerplant efficiency. Associated with this requirement is the desirability of 
governing and synchronizing speeds of the engines of a multiengined airplane within 
approximately one revolution per minute. Also, the ability to feather is a necessity for 
propellers used on multiengined airplanes, to avoid windmilling and to reduce drag 
when one engine becomes inoperative for any reason. Ability to reverse the blade angle 
to negative values to produce a negative or braking thrust is a function proved desir- 
able, particularly on multiengined airplanes, for use as a landing brake. 

For the propeller to perform these functions, the pitch-changing mechanism is re- 
quired to develop sufficient torque and power to move the blades promptly in response 
to signals from the controls. Because of the necessity for extreme compactness and 
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light weight, design of the unit presents unusual problems 
which it is believed will interest designers in general. The 
more significant of these will be discussed in this article, 
with particular emphasis on the design of the planetary 
speed reducer employed in the Curtiss propeller. 

Drive for the moving of the blades must overcome in- 
herent blade-twisting forces as well as the blade-retention 
friction. Blade-twisting moments are caused by air loads 
and by centrifugal action due to the blade section. The 
air loads are relatively small and in general tend to in- 
crease the blade angle, due to the fact that at normal -op- 
erating angles of attack the center of pressure is forward 
of the center of rotation of the blade within the hub. This 
effect is usually disregarded in the analysis. 

Centrifugal twisting moment due to blade section is defi- 
nitely not negligible and can be most easily conceived by 
considering a single element of the blade and represent- 
ing this element as two concentrated masses, m, at the 
leading and trailing edges of the section, Fig. 1. Direc- 
tion of the centrifugal force, CF, on these masses is, of 
course, radial with respect to the shaft. This radial force 
can be resolved into two components. P and R, where P is 
the direct tension component and R is in a direction tan- 
gential to the propeller axis. Due to the blade angle, £, 
component R causes a moment about the axis of the blade, 
tending to’ reduce this blade angle. 

This centrifugal twisting moment will vary with blade 
angle in sinusoidal form from a maximum at a blade angle 
of approximately 35 degrees at .75 propeller radius to zero 
at blade angles 45 degrees above and below that figure. 


Fig. 1—Below—Centrifugal forces produce torque tending 
to turn propeller blade into plane of rotation 








At its maximum value, this twisting moment js about | 
000 inch-pounds per blade for a typical 12-foo} dias 
propeller. 

Friction of the blade-retaining bearings also must 
considered when determining the total torque load 
pitch-changing mechanism. With the angular-contyy)) 
bearings used in the Curtiss propeller, this friction tg, 
in inch-pounds is approximately equal numerically j 
per cent of the bearing thrust load in pounds, Sine Bficier 
centrifugal load of the blade applied to the bearing igge P®° 
the order of 150,000 pounds, the resulting friction jg by | 
is therefore about 1500 inch-pounds. tness. 

Sum of the centrifugal twisting-moment and beaigg®®°Y 
friction torques for one blade is multiplied by the nai 
of blades and the bevel-gear ratio to determine the yf, = 
pitch-change mechanism torque load. - 

The electric pitch-changing mechanism, consisting ff, = 
reversible direct-current motor coupled to the bh, = 
through a speed reducer, provides the torque requirg on 
Constant engine speed under varying flight conditioy 
maintained by automatically adjusting the angles of fi, = 
blades, the pitch-change motor being energized in@, = 
sponse to signals from an engine-driven governor mowi, = 
on the engine nose. Proportional correction of off-palipduct 
conditions is incorporated in the governor design. 

Speed reducer is of the two-stage compound epicyd 
type, Figs. 3 and 4. The electric pitch-change ma ar 
drives the sun gear of the input stage through a spli 
coupling. Two planet gears mounted in a two-piece sly ___ 
spider are used in this stage. The larger, fixed, ring ' 
is keyed to the speed reducer housing and the sun g 
for the low-speed or output stage is machined integ 
with the movable ring gear for the high-speed stage. fo 
planets are used in the output stage of the unit shown 
Figs. 3 and 4, for maximum load capacity, the pla 
being mounted in a single-piece cast aluminum d 
spider. Three planets are used in some units of ol 
sizes. The movable ring output gear of the speed redut 
is splined directly to the bevel “power” gear which mes 
with and drives the blade gears as shown in Fig. 2. 

This basic speed reducer design permits extremely hi 
reduction ratios with minimum weight and maximum 4 
ciency. Such units now in production have ratios ¥ 
ing from 7056:1 up to 9576:1, the one shown in Figs 
and 4 having a ratio of 7056:1. Units have been bi 
for propeller use with reduction ratios up to 22,446:1 a 
it appears entirely practical to provide at least 188,408, .., 
in the same size housing simply by changing the ee? 
bers of teeth on the planets and movable ring geals. 
duction ratio, R of one stage of such a speed reducer 
given by the formula: 


4 
elec 





R ST 57T oen 
vi T'(Tr¢—T pm) 
where T, = Number of teeth on the sun gear 
T;, = Number of teeth on the fixed ring 8 
Tm = Number of teeth on the movable ring A 
Tp; = Number of teeth on large side of me 
Tym = Number of teeth on small side of plane 


For the speed reducer shown in Figs. 3 and 4 the 
duction ratio calculation is as follows: 
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s 
about 2X54X109 _ Power loss at any gear contact is equal to some factor f 


) J Rinput stage= : : , 
ot dia put stooe"12(54—43) times the tooth load times the velocity of engagement of 


ete 2x18X44 the gears. The factor f is between .01 and .02, corre- 


Resiput stee™——_— 2 sponding to 99 or 98 per cent efficiency for spur gears 
load xf 10(18—16) ne nent me 
calie mounted on fixed centers. Implitying assumptions are 
ction | Roverat= 79.2X89.1= 7056 that losses at the sun gear are negligible due to the low 
cal : 1 tooth load and losses at both ring gears are equal. Then, 
y 0 


ficiency of such compound epicyclic speed reducers is using the velocity of engagement at the fixed ring gear 


Since ; ; : 

oii , probably higher for equivalent reduction ratios than and the tooth load at the movable ring gear (the greater 
es: a by any other type of speed reducer of similar com- of the two in both instances where the movable ring gear 
- Org 


ness. A relatively simple method for calculating the — is smaller than the fixed ring gear) the following equation 
nd beagltency of this type speed reducer is derived in the fol- may be written for the efficiency, e, of one stage: 

Mt 
the mmiggring- Notation is, for any one stage: 

ng 





ne the maT, = Tooth load at the output movable ring gear Gitlin Output 
, =: Total reduction of the stage Output + Losses 
sisting ff, = Pitch radius of the sun gear TLX1X2aRn 
the bli, = Pitch radius of planet meshing with fixed ring = (TLX1X2eRa)+(2fXTLXN. X20, ) 
e requiall,, = Pitch radius of planet meshing with movable 
onditions ring gear a 1 
gles of MR, = Pitch radius of fixed ring gear Ks 2fxN-XRy 
zed in MR, = Pitch radius of movable ring gear aes Se 


or mouigiN, = RPM of planet cage for one RPM output. Substituting for N, from Equation S 


f off-speli eduction, R, and planet cage speed, N,, are: 

gn. 

d epicyd 2RyRn ow 1 

nge mi” R,(R,;—Rypm) 1+24[ RpjRm 7 ye Be 

1 a spl 7 (Rps—Rypm) (RstRys) Rn 
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plied by R and divided by the value of R from Equation 2. 
Then the expression 2(R,+R,,) is replaced by its equal 
R, + R, (from the fact that R,; must equal R, + 2R,,) 
and the result is: 


1 


WE) (Ee) 
Rn, R.+R,; 

It will be noted that the numbers of teeth may be sub- 
stituted for the pitch radii in this equation as long as the 
diametral pitch of both fixed and movable ring gears are 
the same. The assumptions made here are most nearly 
true when the sun gear is small and the difference in di- 
ameters of the ring gears also is small. Although this cal- 


culation actually considers only those losses which occur 


at the gear teeth, the effects of other losses such x 
due to bearing friction and oil churning are relatively g 
and can be accounted for by varying the value of f 
ly, based on experimental data. Tests of Curtiss Speed 
ducers similar to that shown in Figs. 3 and 4 haye git 
that use of this formula with a value of f = 011 wily 
results consistent with those obtained by test. Bf 
bearing friction and oil churning are minimized jp 
units by using ball bearings at all important points; ‘ 
the use of a low-viscosity oil (AN-O-4) bath. 

This method of calculation for the unit pictur 
f = .011 gives an efficiency of 83.7 per cent for the} 
stage and 75.6 per cent for the output stage, resultiy 
a calculated overall efficiency of 63.2 per cent, yj 
checks closely with the results of an experimental cif 
tion shown in Fig. 5. This power unit has a rated ou 
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Fig. 3—Above—Cross section of a pitch-changing power 
unit rated at 75,000 inch-pounds output torque 


Fig. 4—Below—Exploded view of speed reduce 


r shown 


Fig. 3. Input stage is at left, output stage at right 





Such a il... of 75,000 inch-pounds and, complete with motor 


elatively | magnetic brake, weighs 57 pounds, while the speed 
lue of flier alone weighs 40 pounds. 

Ttiss sedlfivien considering the design of a propeller speed-re- 
4 have shy Lr ynit, it is desirable first to consider the design op- 
O11 wily ing condition. The required speed reducer rating is 
t. Effecifon as that one which matches the total blade torque 
ized in ts developed at the maximum design speed of the pro- 
Points anf. while operating at the angle of maximum twisting 
, nent. Inasmuch as this angle of maximum twisting 
dictured Went occurs at a relatively high blade angle—about 
for thei degrees—which is attained only at high forward speeds 
» Tesultng\ish altitudes, at which time the engine is usually be- 
Cent, Wilh operated at a reduced speed, this rated load condition 
ental calif an endurance condition. The endurance condition 
rated ou is that encountered at cruising revolutions per 


ute—about 77 per cent of the maximum—and a blade 
pslightly below the angle of maximum twisting mo- 
yesulting in a speed reducer torque load of about 50 

nt of its rated output. 
ther important point in the design condition is that 
part of the time the speed reducer simply holds the 
in one position without being actuated. Actuation 
, mal automatic constant-speed operation is in the 
/ of a series of short jogs of a fraction of a degree 


Wigan at the output end of the speed reducer, one way - 


" the other, at a frequency of about one energiza- 
et second. Thus, continued rotation is not a factor 
‘considered in the design of a propeller speed re- 
but provision must be made for the holding of high 
Sloads in one position under vibration for extended 
i of time. al 


j Designing for High Tooth Loads 


ithe basis of the design condition defined in the fore- 
fit has been found practical to use gear tooth loads 
ut 10,000 pounds per inch of tooth face on 6.5 and 
imetral pitch gears in the output stage of the speed 
t. These tooth loads are made possible by careful 
ito the detail design of the gear teeth. The special 
feth used conform in general to the 20-degree stub 
Slandards as far as addendum and dedendum are 
i. However, a 25-degree pressure angle is used 
ier to increase the beam strength of the teeth, and 
“idendum of the planet gear teeth is deeper than 
audatd in order to incorporate a single full root radius. 
%, the addendum of the sun gear is increased beyond 
edad to increase the line of action or contact ratio. 
ts Chordal thickness of the teeth is nonstandard since the 
#FMses of mating teeth are made unequal in order to 
% Or equalize the bending stresses in mating teeth. 
mequal thickness for equal stresses results, of course, 
mime inherently lower stresses of the buttress-shaped 
pom gear tooth. Balancing of the stresses increases the 
m™® strength of the train by increasing the strength of 
“™emal planet gear teeth. The resulting decrease in 
of the external sun gear teeth is not important 

mese teeth carry relatively low stresses anyway. 
mth thicknesses are adjusted to obtain equal stresses 
Out a first estimate of the mating teeth several 
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times size and graphically determining the Y factors of 
both teeth by a modified Lewis method described in the 
following. Chordal thicknesses of the mating teeth are 
then adjusted on successive layouts until the Y factors 
found are equal. The original Lewis method of deter- 
mining gear-tooth bending stresses assumes that the total 
load on the gear is applied to the tip of a single tooth 
whereas, in most gears in common use, all of the load is 
taken on a single tooth part of the time, and on two teeth 
during the remainder. On the driving gear, tooth con- 
tact begins at the bottom of the active depth and ends at 
the tip of the tooth. However, before the point of cén- 
tact has reached the top of the tooth, the next following 
tooth has come into action and the load is then shared by 
two teeth. Thus the bending stress in any one tooth is a 
maximum when the next tooth comes into action. 

In order to determine the true maximum bending stress, 
therefore, the modified method for determination of the Y 
factor of a tooth considers the tooth load as acting at that 


Fig. 5—Curve shows how speed-reducer efficiency varies 
with load. Reduction ratio is 7056:1 


point on the leading face where there is contact at the in- 
stant when the next following tooth comes into action. 
This point can be accurately determined on the large- 
scale layout by constructing one tooth profile so as to pass 
through the intersection of the line of action and the ad- 
dendum circle of the mating gear. Then the location of 
the tooth load corresponding to the maximum tooth bend- 
ing stress will be at the intersection of the centerline of 
the next previous tooth and the line of action. Deter- 
mination of the Y factor may then be made by convention- 
al methods. The method illustrated in Fig. 6 consists of 
drawing a series of parallel lines, g, perpendicular to the 
centerline of the tooth and across half the section of the 
tooth. To find the “weakest” section, measure the lengths 
of these lines g,, go, gs, etc., and their perpendicular dis- 
tances from the intersection of the tooth load and the ver- 
tical centerline, h,, ho, hg, etc. Then if x = g?/h, the 
values of g and h which give the smallest value of x indi- 
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cate the weakest section. Using this value of x: 


cf 2x 
~ $3CP 


where CP = circular pitch. 

Maximum tensile stress in the tooth then is equal to 
the bending stress due to the tangential component of the 
tooth load, minus the compressive stress due to the radial 
component, times a root-radius stress concentration factor. 

Tooth loads on the planet gears from the two ring gears 
are of course in opposite directions, forming a couple 
which tends to deflect the planet gears out of their normal 
position parallel to the axis of the ring gears. This couple 
must be restrained by the planet-gear bearings and in turn 
by the planet-gear cage. Such a loading on the cage has 





a tendency to deflect the two cage side plates angularly 
with respect to each other, i.e., to rotate one plate with 
respect to the other. It will be seen that such rotation of 
one plate with respect to the other will misalign the planet 
gear bearings and tend to cause end loading on the planet 
and ring gear teeth since the axes of the planet and ring 
gears do not remain parallel. For these reasons it is de- 
sirable to design the cage to be as rigid as possible com- 
patible with other considerations. This condition be- 
comes particularly important in the output stage where 
the tooth loads are highest and the distance between them 
is greatest. In the output stage of the unit shown in Figs. 
3 and 4, maximum. rigidity compatible with weight re- 
quirements is obtained by the use of a one-piece cast alu- 
minum alloy cage. 

In order to nullify the effects of such cage deflections 
as may be encountered, it is desirable to utilize types of 
bearings which can accommodate some misalignment. It 
is also possible to minimize the stress concentrating effects 
of end loading on the gear teeth by the use of “crowned” 
teeth. It is probable that crowning only of the planet 
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gear teeth provides a satisfactory solution to this prob 

Planet-gear cage deflection and the resulting nig 
ment of planet and ring gear centerlines also produ 
tendency of the planet gears to “walk” fore or alt oy 
the ring gears, the direction depending upon the dips 
of rotation. This condition results in a thrust load apy 
by the cage to those bearings restraining it on eithe; 
The thrust load, of course, results in increased frictio 
these restraining bearings which can become an imp: 
factor in the overall speed-reducer efficiency. This is, 
ticularly true of those bearings on the forward side ¢ 
output-stage cage which also support the input-stay 
gear. Since the sun gear is a high-speed, low-torque ng 
ber, any friction torque applied to it assumes increase; 
portance. Hence it is desirable, where possible, to jx 


~ ™—/nternal Ring Gear 
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Fig. 6—This type 
gear- tooth layout 
used to determine ¢ 
equalize bendit 
stresses in mating tee 














any thrust of the output stage from the high-speed me 
bers of the input stage. 

It will be seen from Fig. 3 that the output-stage pl 
gear cage is not piloted or centered in the housings 
ring gears by any bearing surfaces. Radial support f 
the cage is provided by the teeth of the planet gears més 
ing with the ring gears. The cage carrying the four pla 
gears is thus permitted to “float” on the gear mesh poll 
and to center itself automatically to divide the torque loa 
as accurately as possible between the planet gears. *" 
feature has been found to be desirable in order to v0 
overloading of the teeth of one planet gear while othe 
are only lightly loaded and to avoid friction losses on 
cage bearings which try to restrict the normal centering # 
tion of the planet gear cage. 

With reasonable attention to detail design points, ® 
particularly to results of the deflections of stressed parts 
it is possible to produce a highly efficient, lightweight 
reducer based on the two-stage compound epicyclic ea 
ciple. Under extreme temperature, vibration and | 
conditions such units have proved highly su 
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Steam Turbines. 


Drive New Locomotive 


od mem 

e pla By Charles Kerr Jr., J. S. Newton and W. A. Brecht 

et Westinghouse Electric & Mfg. Co. 

's mesh 

r plane A 

1 pons LTHOUGH new developments usually are first designed and built on a rela- 

x64 loa tively small scale, the Pennsylvania Railroad company’s new Class S-2 geared steam 

issn turbine locomotive, with a rating of 6900 shaft horsepower, is one of the most power- 

cen ful high-speed locomotives in the world. Designed for fast, long-haul passenger and 

othe freight service, it can operate at speeds up to 109 miles per hour. Propulsion equip- 

7“ ment was designed for the maximum rating considered practicable for a rigid-frame, 

ing 8 four-driving-axle unit, operating with a conventional fire-tube boiler at pressures and 
temperature commonly used with such boilers. 

ais As shown in the head illustration, the new Baldwin-built locomotive has a 6-8-6 

- wheel arrangement. The Westinghouse turbines and reduction gears drive the two 

] center pairs of driving wheels, to which the other driving wheels are coupled by con- 

ed necting rods. Leading particulars of the locomotive, which burns coal and is stoker- 

osstol. fired, are given in TABLE I. 






Among the advantages offered by the turbine over the conventional drive are 
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higher efficiency and smoother propulsion. Fig. 
1 shows how horsepower and steam consumption 
compare with a conventional two-cylinder recip- 
rocating steam locomotive having the same 
weight on the drivers and a boiler designed for 
equal evaporation. For the same amount of 
steam consumed, it will be evident that the tur- 
bine unit can handle a larger train at the same 
speed, or an equivalent train at higher speed. 
Although steam consumption is higher at speeds 
below 27 miles per hour with full steam flow, 
this is relatively unimportant for fast long-haul 
service. Actually, even with heavy trains it has 
seldom been necessary to use full throttle in this 
speed range. In a turbine drive intended specifi- 
cally for lower-speed service the turbine blading 
and the gear reduction would be designed for 
higher efficiency at low speeds. 


’ TABLE I 


Particulars of Turbine Locomotive 


General: 


Wheelbase, total engine, feet ...... oe eas 53 
Driving wheels, outside diameter, inches ..... 68 
Weight of engine plus tender, pounds ........ 1,029,400 
Weight of engine, pounds .................. 580,000 
Weight on drivers, pounds ..._. eo 260.000 
Tractive effort at starting, forward, pounds .... 70,500 
Tractive effort at starting, reverse, pounds .... 65,000 
Boiler: 
Working pressure, pounds per square inch .... 310 
Capacity, pounds of steam per hour ........ 95.000 
Diameter front and back, inches .......... *. .93 and 102 
Heating surface, total, square feet .......... 4,992 
Grate area, square feet.. ~................. 120 
Superheating surface, square feet ............ 2,050 
Turbines: 
Steam pressure at inlet, pounds per square inch 285 
hr pg dg i vig bie! & one ea th Noncondensing 
Maximum horsepower, forward ..........., 6, 
Maximum horsepower, reverse ............. 1,500 
Reduction Gears: . 
EN NN gig Ns ona oke G5, Sica «3 wcis oho 5.16 
TIS Boho ane RTs wad Sie tol Ub © '< ahi 3.58 
a EIR ella Ye ees age ea 18.50 


Fig. 1—Horsepower and steam” consumption com- 
pared for locomotives with_equal boiler capacity 


Horsepower at Rail 





Pounds of Steam per Horsepower per Hour 


Besides having a better steam rate, the Class $-2 |g oMmot 
also utilizes more efficiently the coal burned in the boiler. Due 
the small wheels and short driving wheelbase it has been posi 
to equip this locomotive with a large boiler and a large gra 
When developing full output, coal is burned at a relatively |, 
rate and the boiler is easily drafted, resulting in more effca 
combustion. 

Both turbines, forward. and reverse, are supported from 4 
gearcase, Fig. 2, which in turn is supported from the main lop 
tive frame at three points in such a manner that distortion js, 
transmitted to it. The gear is of the nested type with two do 
helical high-speed gears, two low-speed spur pinions, and two) 
speed spur gears, one on each of the second and third drys 
axles, Fig. 3. : 

Since the complete propulsion unit is supported from 4 
spring-borne locomotive frame, the second and third driving ax 
must be permitted to move up and down with respect to the | 
speed gears which surround them. The “cup drive” which » 
mits this motion is, in effect, a misalignment coupling between t 
low-speed gear and the locomotive axle, and is housed entird 
within the gear shown in Fig. 3. In addition to permitting up a 
down motion, the cup drives are torsionally flexible, thus prote 
ing the gearing and turbines from shock loads. 

Helical pinion and gears are hardened and ground, the tod 
loading and contact hardness (450 brinell) of the high-speed pini 





Fig. 2—Forward turbine, upper left, drives axles through doubh 
reduction gearing. Reverse turbine drives high-speed main pini0 
through auxiliary reduction gear and hydraulically operated elute! 


being more than double the values commonly used in this type 0 
gear. The low-speed spur gears are hobbed, hardened to approx 
mately 500 brinell, and ground. They are of the type used of 
main line electric locomotives. 
As will be noted from Fig. 2, the forward turbine is of the - 
pulse type, consisting of a Curtis stage followed by five full-admis: 
sion Rateau stages. At 100 miles per hour locomotive s ; 
turbine rotates at approximately 9000 revolutions per minute. Its 
connected to the high-speed pinion at the opposite side by 4 qui 
shaft extending through the hollow pinion. Steam enters the tu 
bine through four 3-inch pipes each of which is connected toa 
nozzle group covering approximately 25 per cent of the perp 
area of the Curtis-stage blading. Four cam-operated valves, 0m 
(Concluded on Page 192) 
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Accurate Loop Control 















. By L. U. C. Kelling 


doubl Industrial Control Engineering Division 
General Electric Co. 





pinion 
| clutch 
type 0 LECTRONICS, properly utilized, continues to play a role of ever-increasing im- 
_ portance in the control of machines. Among the most significant applications, from 
ed the standpoint of the machine designer, is the automatic loop control used on continu- 
} ous-strip processing lines. 

he om If the reader has had the opportunity of viewing such processing lines in opera- 
admis tion, he will have noted that the strip mater jal is permitted to hang in slack loops be- 
ed tween various sections of the lines. These loops serve a definite purpose, some of the 
: a reasons for their use being: Elimination of tension between sections of lines, isolation 
- of intermittent or pulsating feed in one section from another section, and accurate guid- 
: oa ance of the strip into a subsequent machine, such as a side trimmer or a coiler. Then 
ad too, there are the large loops which provide storage between sections, permitting con- 
. tinuous operation of one section while another is stopped momentarily for splicing, re- 
ox moving coils, inspection, or adjustment. 

It no doubt will be apparent that to maintain a loop properly the speed of the 
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material in one of the two sections adjacent to the loop 
must be controlled either manually or automatically. In 
most cases, as might be surmised, automatic loop control 
will do the job much better and faster than is possible by 
manual operations. 

To give the reader a comprehensive idea of what is in- 
volved in loop maintenance, the following brief analysis 
~ of payoff-loop control is offered: Material is fed into the 
loop (see Fig. 1) from the payoff coil and is withdrawn 
from the loop by the side trimmer shear at a constant 
linear speed. Obviously, for the loop to ride steadily at a 
fixed position in space, the material must be fed from the 
coil at the same linear speed as that at which it is with- 
drawn from the loop. If the payoff coil rotates too rapidly, 
the material will accumulate and the loop will become 
deeper. Similarly, if the payoff coil rotates too slowly, the 
loop will become more shallow. As the coil diameter de- 
creases it is necessary to increase the speed of the payoff 
motor to maintain the same linear speed of the material. 

Shown in Fig. 2 is a simplified mechanical layout and 


elementary wiring diagram of a tin-mill shear line which’ 


incorporates two photoelectric thyratron loop controls. The 
steel is pulled through the side trimmer shear at a preset 
constant speed. Speed of the direct-current shunt motor 
which drives the payoff coil is varied to hold the payoff 
loop in position, and the speed of the flying shear motor 
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is varied to maintain the position of the second loop, Wegpsimate 
manual operation employed, the operator would hold jaf be ind 
loops by varying the speeds of the direct-current 4 ime operat 
motors with field rheostats 11R and 13R. For automgalgetace of 
operation, however, these field rheostats are set » ham decrease 
maximum resistance position. Then, in accordance yer with 
the loop position relative to the phototube holder, egmact POS! 


photoelectric loop contro] supplies the proper field eyaspinite C0 
tion to the motor and so maintains the loop position, 1p having 
line is started, stopped, or set to any speed by chang light pa 
the armature bus voltage of the motors with field potesfad a pho 
meter 10R of the generator. As for | 

Basic Functions oF AuTOMATIC Loop Conrtro,; jgpot0l, th 


automatic loop control must consist of two basic elemeymeging Te 
First, there must be a means of detecting the position dees T 
the loop and, in some cases, the approximate speed aj fom 8 
quired for the coil. Second, there must be an adjustahiqmy consi 
speed motor control to control the speed of the material ls the | 
one of the sections of the line adjacent to the loop,  uusly 

Automatic loop controls employ either photoelectric qpatdl 1 
mechanical means for determining the position of the loogate tect 


A mechanical limit switch or a simple on-off photoeleciiggattolled 
relay can be used to determine whether the loop is abogge*V2cu 
or below a definite position. A roll riding on the loop map pale 
operate a rheostat or the plunger of a solenoid reactor ail Tyres 
so indicate the position of the loop. Then too, the ao; T 
tecti g 
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loop, Wagpximate speed required of the coil 
hold be indicated by a rider-roll rheo- 
Y operated by an arm riding on the 


Tent sii} 

automasiiace of the payoff coil which slow- 
et at n decreases in diameter. Going fur- 
lance A. with the photoelectric means, 


Ider. ect position of the loop within a 
eld a ite control zone may be detected 
tion, Typ having the loop intercept a curtain 
- chang light passing between a light source 
| potengfpd a phototube unit. 

4s for the adjustable-speed motor 


no: ygotol, this may consist of a simple 
: on ley or contactor wits top Fig. 3—Above—One-point loop control with manual rheostat 





elemen 
osition esses or decreases the speed slight- Fig. 4—Below—Two-point loop control similar to system of Fig. 3 
speed ng ftom some preset value. Again, it ; 
djustaygyey consist of a rheostat which con- 
naterial ph the speed of the motor. Con- 
wously adjustable electronic motor 
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Lael iol may consist of a thyratron - 

the loogae rectifier circuit, an electronically a ee ee pin 
‘toeleci;mitolled motor-generator set, or a eu fea ( Soe 
, is abommetevacuum tube connected in series 250 Volt 77 ee @), L® 
loop mae parallel with the field. OC P 7] : a | 
actor al Tyres oF AUTOMATIC Loop Con- as = ae ‘ a 1 
, the agihor: The aforementioned means of Se yg. + Protoelectric Relays \.__/” Lig Sources ~> 


a) 


tecting loop position and controlling | To) ae | otonbe Holders 
jor speed may be combined to Beek SR a 
Diagowtiim many types of automatic loop 








of ligiietrol that differ widely in their 
hotel acteristics. To avoid making the 
P Ol"Fexiption of each of the six repre- 
native types discussed in the fol- 

ing too general, and_ therefore 

gue, pertinent assumptions are 

aie regarding the application of 

e control, to wit: Each shall be 
fe was a field current control of a 






ret-current shunt motor; the arma- 
re voltage of this motor shall be fur- 
hed by a direct-current motor-gen- 
tor set which controls the speed of 
line; the material shall be drawn 
tf the loop at a constant linear 
bthe loop control shall regulate 
pe speed of the material feeding into 
emp, and the material shall be fed 
mm pinch roll stand or direct from the coil of mate- Tyre B: Shown in Fig. 3 is a one-point loop control 
th is constantly decreasing in diameter. consisting of a manual field rheostat and a small resistor 
A: A loop-rheostat loop control employs a roller connected in series with the motor field. The contacts of 


Son and is supported by the loop and operates a 2 simple photoelectric relay are connected across the small 
Bonnected in the field of the motor. Thus, if the "¢sistor, and the photoelectric relay is controlled by a beam 


od low, the field of the motor is strengthened, the of light passing under the bottom of the loop. In opera- 
bws down, the material is fed into the loop at a “ion, the manual rheostat sets a material speed slightly 
Bed, causing the loop to rise. If the loop is too higher than that at which the material is withdrawn from 
Bame sequence of events will occur but of course the loop. Then, when the loop drops and the light beam 
Bposite direction so as to lower the loop. In an is intercepted, the photoelectric relay contacts close and 
@ version of this type of control, the roller is con- produce a second slightly lower speed which is less than 
D the armature of a solenoid reactor which con- that at which the material is withdrawn from the loop. 
ke output voltage of a thyratron rectifier circuit sup- Because these two speeds bracket the desired speed, the 
= Current to the motor. control will shift continuously from one speed to the other 
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in order to maintain the required loop position. 


Type C: The two-point loop control shown in Fig. 4 is 
the same as the one-point control, type B, except that two 
photoelectric relays and two small field resistors are used. 
The photoelectric relay with the light beam in the high 
position of the loop is connected so that the speed of the 
material will increase when the loop rises above this beam. 
The photoelectric relay with the light beam in the low 
position is connected so that the speed of the material will 
decrease when the loop drops below that beam. With the 
manual rheostat set as close to the proper speed as possible 
the two photoelectric relays will correct for any accumu- 
lated differences. Change in speed caused by each opera- 
tion of the photoelectric relays should be great enough to 
cause the loop to be moved well away from the light beam 
position toward the center of the region between the two 
light beams. This, combined with close manual setting of 


speed, greatly reduces the control operating frequen 


Tyre D: The loop control illustrated in Fig. 5 jg ve 
bination of a rider-roll rheostat and the two-point cond 
It is used on payoff loops where the material is fed dined 
into the loop from the coil of material, thereby requir 
that the speed of the coil increase as the diamete 4 
creases. The rider-roll rheostat replaces the manual ;, 
stat of the basic two-point control. The movable con 
of the rider-roll rheostat is fixed to an arm riding on 4 
coil surface and the rheostat is designed to set coil speed 
which are approximately correct for all diameters of 
coil. Any accumulated differences are corrected by ty 
two-point control. It is also possible to use one-point r 
trol with a rider-roll rheostat. 

Tyre E: The motor-operated rheostat loop shown j 


Fig. 6 is a combination of a motor-operated rheostat anf 
(Continued. on Page 172) 
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Fig. 6—Above—This system combines the two-point Fig. 7—Below—Typical all-electronic control consists of 


control (Type B) with motor-operated rheostat 


detection, amplification and rectification circuits 
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Selecting Drives for 


v9: Speed Control 


ircuits 


By Ernst L. Schwarz—Kast 


Riéliiaite Ries Coun Part I—Mechanical Drives 


M ANY designers of machinery are vitally interested in a reliable, variable-speed 
drive for application to machine tools, printing machinery, textile machines, testing 
machires and other equipment such as the processing machine in the head illustra- 
tion which has a Reeves variable-speed transmission built into the head. 

Today there is a demand for increased output of machine tools to the limit which 
requires operation at the highest possible speed. This optimum speed is determined 
by the type of cutting tool, the material to be machined and the kind of work to be 
done. The speed might change in a wide range with these factors. There are also 
many phases during the operation of these machines which require a temporary slow- 
down, such as cross-feeding of a tool, slow-down of a milling cutter for sharp corners, 
accurate positioning of tool to work and the like. In general, there is certainly no 
doubt about the economical advantage of a speed control but it seems worthwhile to 
have more accurate data about the actual savings which may be obtained by the selec- 
tion of a more adequate variable-speed device, as may be seen from the following: 
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Comparative tests were made with two identical lathes, 
one equipped with a variable-speed drive, the other with 
a gear shift (1)*. In both cases the drives were arranged 
in the base below the headstock and the spindles were 
driven by belt. Total range of speed variation was rough- 
ly the same in both cases, the only difference being that 
the variable-speed drive permitted a gradual speed ad- 
justment and also an adjustment while running. The gear 
shift had only definite steps, sequence 1.41, and the speeds 
had to be preset before starting. Measured average time 
saving was at least twenty per cent in favor of the vari- 
able-speed drive, and consequently the increase in pro- 
duction was more than 25 per cent. This shows clearly 
the important influence which the selection of the appro- 
priate speed control has on the output of the machine. 

There are innumerable variable-speed devices and it is 
impossible to discuss them all or even only the important 


Speed Contro/ 


Fig. 1 — Schematic 

diagram for a vari- 

able - speed V - belt 
or V-chain drive 





ones in this series of articles. All the devices, however, 
may be classified into three groups: Mechanical, hy- 
draulic and electric. 

An attempt will be made to review these groups and 
critically compare their main characteristics. Thus these 
articles will be a guide for those designers, specialists in 
other fields, who are only occasionally and infrequently 
engaged with problems of speed control. 

For the selection of the most appropriate system, many 
factors have to be known. Some are special and only re- 
lated to the individual assignment. These cannot be cov- 
ered in this series, but some are of general importance and 
they will be discussed. The following check-list contains 
important considerations when planning a drive. 


1. If speed variation is necessary, what is its range? 

2. Is it desirable to have a gradual variation, an infinite 
number of steps, or a few single definite steps? 

3. Does the speed require adjustment while running or can 
it be preset before starting? 

4. How does the torque requirement change with the ad- 
justed speed? 

5. Does the load remain constant at any adjusted speed? 

6. If the load changes, should adjusted running speed re- 

main constant or may it vary with the load, and what are 

the permissible deflections? 


*References in parentheses are listed at end of article. 





7. What changes of the load have to be expected at the d spect 


ferent speeds? Is there any possibility that the load , of t 
become zero or even negative? her ann 
8. In case of an overhauling load, should the speed fgpustabl 
act as a regenerating brake? able | 


9. Can the machine run both ways? ft an 
10. Is an extremely quick stop or reversal essential? ni git 


11. Is a low first cost imperative or is it more desirable file of u 
have the operating costs low, even at higher first cost? HM the | 
12. Is the highest degree of safety in operation of decd’ 
importance? Is it important to have a minimum wi. 
under severe service conditions? Or should the nm for th 
sary care and maintenance be a minimum? pi Se 
13. Is a quiet or noiseless operation required? me 2 5] 
14. Is a high efficiency essential? Is the amount of po Doub 


wasted by the respective speed reduction method @é>™ 
jectionable? Or is the dissipation of generated heat qqple 0 
ficult or undesirable? me alt 

15. Are there any unusual surrounding conditions to whilst t 
the drive is exposed? For instance, moisture, vapors, 
cessive dust or dirt, acids or fumes, explosive atm 
pheres, installation in open air, exposure to weather 
tremes or excessive heat or cold? Is the drive ex 

to shock or vibration? 
Simplest forms of mechanical devices for speed ¥ 
tion are step pulleys, cone pulleys, sliding gear tranti 
sions, planetary multiple-speed gears and the like. | 
these are commonly known and thorough information 
them is contained in every handbook on machine dei 
Detailed discussion in this article, therefore, does nots 
necessary. These simple devices are inexpensive and 
liable and sometimes convenient, especially for smal 
pacities and where only some definite speed steps} 
sufficient. a 
Besides these simple mechanical devices there exist 
great number of mechanical devices for gradual speqy 

















ne cone 


variation. With few exceptions they transmit power @ 
friction and the majority can be classified into the follog* ° 
ped 
ng groups: 

ing group ne 


1. V-belt, V-chain or V-ring with conic pulleys 
2. Double friction cone between two plane disks 
8. Two friction disks 

4. Planetary. 


V-belt or V-chain system with conic pulleys and chang 
able pitch diameter is shown schematically in Fig. |. 







Fig. 2—Below— Double friction cone drive for speed conti 
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, speed ratio R,/R, is not more than 4:1 the pitch of 
of the pulleys may be fixed, while the pitch of the 
., and the center distance between both pulleys are 
speed dmustable. A countershaft can be arranged with one ad- 
whle V-belt drive between input shaft and a counter- 
and another between the countershaft and output 
al? giving a total ratio up to about 16:1. In another 
desirable.» of unit, speed range up to 16:1 is obtainable by vary- 


irst cost? the pitch of both pulleys, with the center distance 
of decig 4 


d at the 4 
the load 











MMU War: the transmission of power usually a special V-belt is 

ei, -4. Some devices use a metal ring as a friction element, 
ine a special chain. 

at of po Double friction cone system between two plane disks, 


method qe 2 uses one disk connected to the input and the other 
od heat Apite output shaft. The power is transmitted by a double 
me arranged between the disks, these being pressed 
18 to whiainst the double cone to provide the necessary friction. 
vapors, ie cone is supported by antifriction bearings and is mov- 
sive atm 
weather 


ive expof 











Fig. 3—Left—Basic 
diagram for a vari- 
able - speed _ drive 
utilizing two friction 
disks as shown 


e exists 
ual 


power | 
he follow 0 or from the center of the plane disks, giving a 


td ratio R,/R,. The friction surfaces of the disks or 
the cones or both are lined with a friction compound 
ithe necessary normal force is obtained by pressing the 
Ms together by means of a spring or automatically, de- 
ding upon the adjusted magnitude of R, or the input 


te a 


d chang 


ig. 1. 






lwo friction disk arrangement, Fig. 3, has surfaces of 
it disks lined with a friction compound. Speed varia- 
uisobtained by moving the vertical disk to or from the 
t Of the horizontal disk. 

tof the later developments use basically a planetary 
lwo being shown in Figs. 4 and 5. The system in 
ublizes two or three conical rollers A which are in- 
@an angle equal to their taper so that their outer 
Me parallel to the central axis and supported in a 
‘8 coupled to the driving shaft. The rollers with 
muons F represent the planet gears and mesh with 
lal gear G attached to the power output shaft. The 
mng-member is a traction ring C, the position of 
Mig can be varied axially by means of a rack and 
| Contact between the rollers and the ring causes 
to rotate around their own axes and in turn to 
ie Output shaft. 

mum output speed is obtained with the ring at the 
me large end of the tavered roller. This system (3) 





ed cont 
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offers full torque over the entire speed range. 

The other planetary drive, Fig. 5, has its driving shaft 
connected to the sungear A of a planetary gear. If the 
driving shaft rotates, the planet gears B will rotate and 
transmit rotation to the internal gear C as well. By hold- 
ing the internal gear the planet gears will travel around 
the sun gear and cause rotation of the driven shaft, which 
is connected to the planet gears. If the internal gear is 
driven or permitted to rotate at various speeds the speed 
of the driven shaft would change and even cause the 
driven shaft to rotate in the reverse direction. This vari- 
able speed for the internal gear is obtained from the con- 
stant-speed driving shaft through the spiral gear D, an 
adjustable V-belt drive and a worm gear and worm shaft 
E. An advantage of this system is that most of the trans- 
mitted power passes directly through the gearing from 
the driving to the driven shaft and only a small part 
through the variable V-belt drive. 

Applications of some of the foregoing mechanical de- 
vices were discussed in an article published previously in 


output 





Fig. 4—Above—Planetary type of variable-speed unit. 
Speed control is. obtained through conical rollers 


Fig. 5—Below—Speed control is derived from an 
auxiliary V-belt in this planetary system 
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this magazine (4). , 

The maximum torque transmissible, the torque rating 
and the slip are dependent primarily upon the coefficient 
of friction between the contact surfaces and the magni- 
tude of the normal force acting on these surfaces. The 
coefficient of friction is determined by the lining materials 
used and the normal force by the design of the device. 
Magnitude of the specific pressure necessary at the con- 
tact surfaces for transmission of the rated torque gives an 
indication of the quality, reliability and life of the device. 

Each single apparatus can transmit a maximum torque 
under which slip and temperature rise at the friction sur- 
face remain within reasonable limits. This maximum 
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Fig. 6—Above—Torque capacity for speed’ range of 
mechanical transmissions 


Fig. 7—Below—Horsepower capacity of mechanical trans- 
missions for range of speed variation 





torque may be called limit torque and the related» 
output the limit horsepower. This limit torque ig 
constant over the entire speed range, but decreas 
general with increasing speed for the reason given in 
following: 

Assuming the normal force acting on the friction 
faces is constant and the ultimate strength of the » 
transmitting means is also constant, it is clear that 
higher speed a greater part of the ultimate strengj 
consumed to overcome the greater centrifugal lois 
therefore less remains usable for the actual power t 
mission. 

It can be assumed that 















































Nmaz 
Tnes™ T min = 


Nmin 





and that the output horsepower rises with the speed 
the same proportion: 


‘|Mmaz 
BP nes BP win 


min 





where T,,,, = limit output torque at lowest speed a 
Tin = limit output torque at highest speed n,,,,, HE 
= limit horsepower output at highest speed. n,,. i 
HP,,in = limit horsepower output at lowest speed n,,, 

In Fig. 6 is shown the limit torque and in Fig. 7 thel 
horsepower at different speeds. Fig. 7 indicates that 
limit horsepower output of a friction drive of this kin 
very different at minimum and maximum speed and 
fact is important for the proper motor rating. The foll 
ing two cases are possible: 


1. For a constant-horsepower drive, the motor capaci 
based on the horsepower capacity at lowest speed (nM 
‘A, Fig. 7). At higher output speeds the capacity of 
mechanical part of the drive would exceed by far 
motor rating. 

2. For a constant-torque drive, the motor is rated accord 
to point B in Fig. 7, the horsepower capacity at hig 
speed. There exists a definite danger of overloading 
damaging the mechanical part when the drive at lo 
speeds would be loaded up to the full capacity of 
motor. At lower speeds the motor horsepower rem 
constant but the maximum torque and the maxim 
horsepower transmissible by the drive decreases. 


Mechanical devices offer advantages over electric 
hydraulic systems under the following circumstances: 

They are simple and compact insofar as constant-spé 
devices are concerned. They are appropriate wit 
only a mechanical transmission and no individual elect 
drive can be provided, or when operated in difficult s 
roundings, high temperatures, high humidity, mo 
excessive dust, explosive atmospheres, and acid vap0 
They also have advantages when the drive is exposed 
shocks or severe vibration. as 

Following articles in this series will discuss pun? 
underlying hydraulic and electric variable-speed dit 


REFERENCES 
1. “The Advantages of a Hydraulic-Driven Lathe”’—Germar, Ww 
Technik, 1937. ; » 1941 Edit 
“American Standard Definitions of Electrical Terms , Page $ 
Kent’s Mechanical Engineers’ Handbook, Eleventh es ‘a 
“Specifying Variable-Speed Drives’”—C. Carmichael, 
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Look to the Airplane! 
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re VELOPMENT of aircraft since the early days of the war stands 
out in the achievements of engineers. In no other field has 
design progressed more rapidly since the idea was first put 
1e speed forward that this country build 50,000 planes for defense purposes— 
a suggestion which at that time was considered by many as merely 
“wishful thinking’'’. Almost twice that number are now being turned 
out each year! 
~ Much of the credit for this colossal production goes to those aircraft 
man 


man 


designers who displayed the necessary initiative in adapting designs 


aed to production-line technique. Equal or even greater credit must be 
7 the li given the designers who have continuously added refinement fo re- 
He finement in improving the performance of all types of planes, finally 
Fi ail winding up—insofar as bombers are concerned—with the Super- 
The foll fortresses now playing havoc with Japan. 

aa That the deyelopment of this long-range bomber has been a 
peed (p stupendous undertaking is clearly emphasized from consideration of 
city of some of the details recently issued by the Air Technical Service Com- 
by fe mand. Weighing roughly sixty tons, the Superfortress has a cruising 
1 accord range of 3600 miles, a speed in excess of 300 miles per hour, and 
at hig incorporates in its design more than 150 electric motors for the operation 
_— of its abundant auxiliary drives and controls. It reached its present 
city of stage of perfection only through having been under constant develop- 
e mi ment for practically five years. 

oe There is small wonder, considering the records that are being 
ctrie 3 established by this plane and others, that designers in other fields 
wi are looking to the aircraft industry for ideas that might be utilized in 
te wh developing their own designs. Future machines of all types un- 


questionably will benefit from the experience gained as a result 
of aircraft development. Reliability, reduction in weight, ease and 
automaticity of operation, split-second control, and problems of rigorous 
stress analysis are but a few of the factors of immediate as well as 
lasting influence on the design of other types of machines. 
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Thunder 
ye). Prat) & Whitney Double-Wasp 
8-cylinder engine; speed, 450 
frig, over 40,000 ft.; four 50-cali- 
ber machine guns in each wing and 500 
rounds of ammunition for each gun. 


ghter (Right). New 
hp V-12 engine; one 
propeller hub and 
speed, .close 
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. -P-38L“Lightning”—Fighter-bomber (Above), Two 
‘Allison V-1710-F30, liquid-cooled, in-line, 3000-hp 
"engines; two turbosuperchargers; Curtiss constant- 

speed, full-feathering, :three-bladed propellers; 

speed, over 425 mph; bomb load, 4000 lbs.; service 
ceiling, over, 40,000 ft.; range, 1709 to 1800 miles. 


XP-55 “Ascender*—Tail-first fighter (Left). Alli- 
son 1275-hp engie; Curtiss electric three-bladed, 
constant-speed propeller with “kickoff” control; 
guns clustered in nose of plane. 


P-51 “Mustang’—Fighter (Left). 
Packard-built” 
‘ 158 
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iree-blade, quick-feather- 
stant-speed propellers. 











TRAPPED air facilitates the drying of wax paper 

sheet in the water finish machine, right, designed 
by Shartle Bros. Machine Co. Principle of the dry- 
ing action is shown in the schematic sketch below. 
Twelve stainless steel blades are arranged in an 
arc so that the sheet contacts all the blades when 
stationary. When the sheet is traveling at the speed 
of 12,000 feet a minute, the adjacent air traveling 
with the web is shaved into the series of twelve 
pockets formed by the blades, thereby creating 
a slight pressure on the blade side of the sheet. 
This pressure is sufficient to offset the tension in the 
sheet so that it literally floats over the edges of the 
blades rather than actually contacting them. Water 
which adheres to the paper in small beads is 
brought in contact with the blades and, assisted by 
the greater affinity it has for stainless than for the 
wax surface is scooped off and drains into the tank. 
No marking of the sheet is caused by this method of 
drying. 

Formerly, the water was removed by passing the 
sheet over suction bands which had a tendency to 
mark the sheet. Twenty horsepower on the suction 
fan was required for the operation which is obviated 
by the new method. Also, by eliminating the drag 
on the drive in pulling the sheet over the suction 
bands the power requirement on the drive is re- 
duced by five horsepower, resulting in a saving of 
twenty-five horsepower besides producing a bet- 
ter product. 


Mechanical control of pitch for constant- 
speed aircraft propellers utilizes the principle of 
the variable-ratio V-belt drive. The unit employs 
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VARIABLE 
RATIO. DRIVE 


FUWEGHT 


es for pitch control—one having a fixed 

ithe other being variable through a pair 

liieys as shown in the illustration above, 

Fcowling removed. Pitch change is ef- 

fen there is any variation between the 

the two drives. 

mmor shaft is driven by the fixed-ratio 
x indicated in the cross-sectional and 
mate drawings above. A sleeve that can 

il, 18 
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rotate in either direction relative to the propeller hub 
is placed around the hub aft the fixed pulley. This 
sleeve is connected to the pitch mechanism in such 
a way that, when the sleeve is turned faster than 
the hub, it increases the pitch of the blades. When 
turned slower the pitch is reduced. When no rela- 
tive rotation exists between the two drives there is 
no pitch change. 

Connected to the pitch change sleeve is the vari- 
able-ratio drive. Ratio of this drive is controlled 
by a speed-sensitive governor. When the flyweights 
are displaced outward the variable-diameter pulley 
increases the relative speed of the variable unit, 
causing the sleeve to rotate faster than the hub 
and consequently increasing the blade pitch. Slow- 
er speed of the drive operates the control in reverse 
and decreases the pitch. 

This control, developed by Zimmer-Thomson Corp. 
has been tested by the Army Air Corps and has 
been extensively flight tested. According to the 
designers its life is expected to exceed that of the 
plane because no ‘deterioration has been detected 
during tests. Less than +3 revolutions per minute 
variation at an engine speed between 2000 and 
2500 is the sensitivity of control for this unit. 


Staked bearing assemblies, instead of spun, 
facilitate replacement in service. Staking, as shown 
below, is accomplished ‘by placing the part contain- 
ing the bearing between upper and lower dies on 
a press. Both dies have teeth which force or stake 
the housing material over the edge of the bearing 
in six places around its perimeter, thereby anchor- 
ing the bearing in its housing. In this method, de- 
veloped by the Glenn L. Martin Co., both sides are 
staked simultaneously. 

With this system, because only one-third of the 
distance around the perimeter is staked, it is pos- 
sible to make replacements twice by staking in a 
new area each time. Another advantage involves 





ment or to grind a taper thread. Relations betws 
regulating and grinding wheels for feeding and; 
ing in centerless grinding were discussed in g, 
ticle in February, and the design of the Landis 

chine will be treated in a subsequent issue. 


Static vent-drain illustrated below is injeg C 
molded from cellulose-acetate-butyrate. Fyp 
of the fitting, designed by Douglas Aircratt, is 
fold: It serves as a static pressure equalizer 
as a drain fitting in the pitot static line. Log 
inside the nose of an airplane, the two lower, 
of the part are connected by flexible hose tp 
pitot static vents on the outside surface of the {y 
lage on each side of the cockpit. The two-uy 
arms are connected to the static side of the altime 
and air-speed indicator in the pilot's cockpit, Ml 
coming fresh air, 
which is quite humid 
under some condi- 
tions of flight, will 
condense a portion 
of its moisture in the 
static line. This con- 
densate collects in 
the fitting and is 
emptied from time to 
time by removing 
the plug from the 
bottom. Since the 
fitting is transpar- 
ent the level of the 
accumulated mois- 
ture can be easily 
seen. 


time saving because both sides are staked at one 
press operation. It has been estimated that this 
saving will amount to one-third over that re- 
quired for spinning. Materials which may be 
staked by this method, as shown above, are the 
same as those which can be spun. 


Centerless grinding of screw threads now 
meets the requirements of wartime schedules for 
greater production and increased precision. Ona 
thread grinding machine developed by Landis Tool Grinding 
Company it is possible to grind accurate, smooth re 
threads on hardened-steel setscrew blanks in a 
single operation. Accuracies of threads within 
.0005-inch are readily maintained on, for instance, 
14-inch diameter by ¥/2-inch length setscrews pro- 
duced at the rate of 85 per minute. 
Schematic of the principle utilized in the grinder 
is shown at right. The grinding wheel is selected 
to have a grain size of sufficient fineness to produce 
accurate thread profiles and to have a bond that 
will permit crush-forming of the wheel. Throat or 
entrance end of the wheel is chamfered with a dia- 
mond dressing tool after the thread grooves have 
been formed. The regulating wheel is a rubber- 
bonded abrasive wheel with a universal base. A 
swivel plate permits rotation of this base for adjust- 
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Calculating Torsional Vibration | 


By Robert H. Scanlan 


Chief Stress Analyst 
Lawrance Aeronautical Corp. 


Part 1—Fundamental Mode 


ETHODS heretofore used for obtaining free 

torsjonal vibration frequencies of shafts carry- 

ing several concentrated masses such as rotors 
ad gears, or crankshafts with their associated running 
ga, have been of the “direct-solution” type only for 
smple systems or where strong simplifying assump- 
fins have been made (1)*. In the latter case the 
The methods of Holzer, 
Sodola and others, which have been employed to ob- 
inaccurate results for the more complex systems, use 


‘Pie technique of repeated approximations. 


It is the purpose of this Data Sheet to present a 
nthod, based on well-known matrix techniques, which 
tduces the repeated approximations to a simple, 
wnightforward computation and which does not re- 


@ jure unusual simplifying assumptions even in complex 


| 
| 


| 


\pril, 1 


aes, The method already has found extensive appli- 
ation in the literature of aircraft wing vibration and 
hitter (2, 3, 4, 5, 6). Its extension to problems such 
sae encountered in the design of shaft systems for 
machines will be discussed here in detail. 
To illustrate the contrast of the matrix methods with 
diect-solution methods, the case of a four-cylinder en- 
gieflywheel system in torsional oscillation will be 
aside: ed. The cranks, plus reciprocating parts, are 
faced, as usual, by “equivalent disks” having mo- 
fis of inertia calculated from Appendix A. Also, by 
Ward methods (see Appendix B), the cranks are 
ied by equivalent plain shafts. 
tese typical assumptions are common to all analysis 
Mods where varying moments of inertia are not 
Ninto account. (Varying moments of inertia will 
e considered here.) A complete discussion of 
falent oscillating systems is given by Wilson (8). 
quivalent system to be analyzed appears in Fig. 1, 
tly, I,, Iz, I; and I, represent equivalent mo- 
bof inertia at the disks 0, 1, 2, 3 and 4, L,, Lo, Ls 
gate the lengths between disks, and C,, Co, C3; 
|are the corresponding rigidities or stiffnesses of 
wihecting shafts between disks. 
Proceed further by the direct-solution method 
Btequire the setting up of equations of motion for 


in parentheses are listed at end of article. 
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CiGiileeLing 
Improved Methods for 


Cut-and-try calculations for free torsional 
vibration frequencies of complex shaft 
systems are among the most tedious and 
time-consuming of the various chores that 
must be performed in a modern engineer- 
ing department. Here is presented a 
method which replaces the repeated ap- 
proximation procedure with a straightfor- 
ward computation. Although to one not 
familiar with matrix techniques the new 
method may at first glance appear some- 
what formidable, the reward of careful 
study will be the acquisition by the designer 
of a new and powerful tool 





the five disks and the solution of the resulting frequency 
equation for simple harmonic motion. (That the mo- 
tion is simple harmonic is assured by the assumption of 
perfectly elastic shafts.) There being five disks, there 
will be four actual “modes” of vibration, each with a 
frequency corresponding to it. This involves solution 
of a fourth-degree equation (actually a fifth-degree 
equation with one zero root) for the squared fre- 
quencies w;?._ While this solution itself is not too diffi- 
cult, the setting up of such an equation is formidable, 
and open to computational errors. 

It is here that the matrix method to be described 
carries an essential advantage over the direct solution. 
It avoids entirely the set-up or solution of higher-degree 
equations, and is equally applicable to systems of any 
number of degrees of freedom. 

To proceed with the matrix method, the concept of 
“unit twists” or torsional influence coefficients will be 
introduced. The influence coefficient 6(i, j) will be de- 
fined as the angular displacement of disk i referred to 
disk 0 as fixed, when a unit positive torque is applied 
to disk j7. It may be noted that the assumption of per- 
fect elasticity makes valid Maxwell’s law of reciprocal 
deflections which, interpreted here, simply means that 


~ 6(i,7) = 6(i, i). 


Since the general formula for angular twist ¢ is 


where T is the torque at point x, L is length of shaft, 
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and C is torsional rigidity, it follows that if i and j are 
two adjacent disks distance L apart: 


6(i,j)= Pa inal « POR (2) 


A table of these influence coefficients may be set up 
for the 5-mass example cited (Taste I). It may ob- 


TABLE I 
Torsional Influence Coefficients for 5-Mass System 
(Unit torque applied at j, resultant twist measured at i) 



































j=1| j=2 j=3 j=4 
i(hl2 | Lh 
C, | C, C c 
AY Ly Lr Ly, Li LL Ls 
cic, G4Gia'’s C:° CG 
nf ae. Ly, Ls Ly Ln, Ls Ly Ln, Ls 
Ci Cs C, Ci C, C; Ci C, C; 
na || 2 Ly | Lr Ly La, Ls Ly Ln Ln, Li 
Sle Gis sare "Ss "S "2, 
















































viously be extended in similar fashion to any number 
of disks. 

Now, if a torque T; be applied to disk j the twist of 
disk i will be T;6(i,j). In general, if torques T,, are ap- 
plied togeach disk the displacement ¢, of disk i relative 
to disk 0 will be: 


¢i—go=T10(t, 1)+T20(i, 2)4+T30(i, 3)+T (i, 4)... (3) 


Thus may be written four equations for the system, let- 
ting a,;; equal @(i, 7): 


$2— $0= Gn T1+G22T2+423T3+auTs 
$o3— do= aacameort 


do1— Go= Au T+4nT2+013T3+a4 7 


$1— Go= An T1+02T2+08T3+auT, 


In the case of free torsional vibration the disk 0, the 
flywheel, also must rotate. (The entire shaft may be 





Fig. 1—Typical torsional system for which natural 
frequencies must be calculated is a four-cylinder engine. 
Masses are assumed concentrated at center lines of 
cylinders and flywheel with massless, elastic shafts 









rotating, but this uniform motion can be complet 
neglected in analyzing the torsional vibration.) Ry 
librium of the system when all disks are free to Oscills 
can be expressed by imposing the obvious condit 
that the angular momentum (of oscillation) 


: ae 5 Must bd 
zero. This condition is 


Po: 


Lodot Lidit Ie¢2+ Is634+ Iigs=0 i 9 0.08 stew ee 


During free vibration (simple harmonic motion) the 
torques T,, of Equations 3 and 4 are inertia torques of 
the various disks: 
is pel 


d*bn 
T= —In——=T pwn .. 2... cece eee, 
de wd + 0++00de 


Equations 4 and 5 then furnish five equations ina 
unknowns, T,, and the squared frequency «”: 


$1— bo=[angditangsetaisdstaugilo® ......0........ (Ta) wher 


$2— $0=[anditarngst+arngstandslw® ................(1 
$3— bo=[asditasede+asspstasdilw® ................ (Te) Pri 
$1— b0= [asiditasdetasdstaudijw® ................(1d 
—Ingo= Ligit- L624 T3634 Lids OOF OO O06 615 0180 @ Oe ean 


where a; = 1; a;;. By adding I, times Equation 7a, 1g" 
times Equation 7b, etc., and using Equation 5, ¢» cat 
be expressed in terms of 1, 2, d3 and qq and thus cay 
be eliminated. There results a system of equations 


$1= [buditbi2d2+bi363t buds|o” 

2= [bditbed2tbagdst+budilw* 
o3= [bg +b3262+b3363+bsigi]w" j wher 
$4= [Dirgitbied2+bisb3t+budileo* 


where 6,,, bj, etc., are numerical constants. which arg se 
functions of the inertia and influence coefficients of they | 
system. Their determination is much simpler when a 
tual numbers are used rather than symbols. This 
be demonstrated in the worked example which wil 
follow. 

At this point the matrix notation is introduced. In 
this notation, Equation 8a becomes 


$1 bir bie Bis Or $1 i 

{ 
2 - be: Boe bes Ba | 2 Pete (8b af 
3 bs: bs2 B33 Das | $3 - 
ps Bar Bae Bas Dus ps ng 


where the “matrix multiplication” indicated on the right 
between the “square matrix” and the “column maim 


i convert 
_ can readily by understood by referring to the br 


tional form of Equation 8a. This type of multiplice 
tion is standard for a matrix of n rows and m columm 
times another of (necessarily) m rows and p columt x 
the result being a matrix of n rows and p columms 
(Above the result will be a one-column matrix). 
Since they occur frequently hereafter, examp 
matrix multiplication are given here to clarify at 
meaning. Let M be an arbitrary four-by-four mau™ 
such as 


i 
i 





Jes off ™ 





a 
hr 
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ions in five 


is performed as follows: 
2 —3 
0 5 
8 2 
9- 4 


Byvere 35-6X5+2x8+1x2-83x1 


4=-5x5+0x8+7x24+5xX 1, etc. 
Premultiplication of M by an arbitrary row 


R=[3278] 


fi performed as follows: 


[3278] 


=(66 134 51 47] 


6 
5 
2 
3 


wee 66=-3xX6+2xX5+7x2+8x8 
B4=3x2+2x0+7x8+8-x 9, etc. 
Since both »? and the ¢,, are unknown, solutions will 


am wwe only relatitve rotations ¢,. Thus there will result, 


nts of the 


when ¢ 


This will 


hich will 


iced. In 


to a constant multiplier, a solution 


$1 
os 
os 
os 


which may conveniently be “normalized” by dividing 
dlévalues by (say) “$4, thus getting 1 as the 4 entry 
ai values relatitve to this elsewhere. The term nor- 
uilze is a convenience adapted from mathematics to 
uggest the reduction of all values to a common basis 
ft comparison. 

sence of the iteration technique which will be used 
‘assume such a set of normalized ¢ values and per- 
™ the indicated postmultiplication on the right of 


Thution 8b. Normalizing the result gives a new set 


"6 values, These are used in the same indicated 


4 


Muliplication, the results normalized, and the process 


‘timed until two adjacent cycles give insignificant 


“ation in the results. The process is then said to 


im 'Sttndard texts (2, 7). 


‘verge. That this process. does converge is proved 
Iteration is an obvious name 

ir this Tepeating series of operations. 

The final value of 4 used as a divisor in normalizing 
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is a close approximation to 1/w? for the fundamental 
mode. These techniques are illustrated by the follow- 
ing example. 

Assume that the four-cylinder engine and flywheel 
(Fig. 1) has the following (simplified) parameters: For 
flywheel, I, = 600 pounds-inches-seconds?, for recipro- 
cating and rotating parts, 1, = I, =I; = I, = 100 
pounds-inches-seconds?, (these need not be equal in 
general), cylinder spacing Lz, =Ls = L, = 6 inches, 
and distance to flywheel L,; = 12 inches. Shaft stiff- 
nesses are C; = Cy = Cz = Cy = 6 X 10’ pounds- 
inches?. 

Influence coefficient table (TABLE I) becomes, on 
substituting these values: 


Values of 6(i, j)X10" 





j= j= j= 
































In general, of course, these values will not be round 
numbers. Equations 7 are then 


o1— Go=[2¢1+2G2+2¢3+2G.]w?X 10 ) 
$2—$0=[2¢1+3¢2+363+3¢i]u?X 10-° 
$3— ¢o=[2¢1+3¢62+4o3+4Gi]w*X 10 
$1— $o=[2¢1+3¢2+4¢3+5gi]w*X 10 j 


and Equation 5 becomes 
— 600¢0= 100 (¢:+¢2+¢3+¢4) 


Following the same step as from Equation 7 to Equa- 
tion 8a, there results the following group of equations: 


100 (¢:—¢0) = [261+ 262+ 2¢3+2¢1]u® X 10-° 
100 (¢2— 0) =[2¢1+3¢2+3¢3+3¢,]u*X 10-* 
100 (¢3— 0) =[2¢1+3¢2+4¢3+4¢i]w*X 10 
100 (¢1—¢0) =[2¢:+3¢2+4634+ 5¢,]u?X 107? 


Making use in this of Equation b gives 


100 (¢:+-¢2+¢3+¢.) —400¢0= 
[8¢:+11¢2+13¢;+14¢i]w? X 107° 


Making use in this of Equation b gives 


— 600¢.— 400¢o= [8¢:+11¢2+139¢;+14¢s]u?X 10-* 
or 
go= —[.8¢:+1.1¢2+1.3¢:+1.4¢s]u?X 10 


Substituting this value of ¢o in Equations a, 
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¢o:=[1.2¢6:+.9¢2+.763+.6¢,]w? 10 

— G2=(1.261:4+1.9¢2+1.763+1.6 b:]u*?X 10° 
$3=[1.2¢:+1.9¢2.+2.7¢3;+2.6¢,]w* 10-5 
$4=[1.26:+1.9¢2+2.76:+3.6¢i]u*X 10-5 


thus eliminating ¢9. Evaluation of Equation 8b is: 





> ta io wee $1 
Beh 1.7.14 po 
12 1.9 2.7 2.6 

1.2 1.9 2.7 3.6 os 


-— 
2? 
| 
bg 


The iteration process by postmultiplication on this is 
given in TasBLe IJ. Matrix multiplication to get the 
second column in TABLE II from the first is as follows: 


ts 252 ‘8 4 2.60 
1.2 1.9 1.7 1.6 6 | [ 4.58 | 
1.2 1.9 2.7 26 8 os 6.38 | 
1.2 1.9 2.7 3.6 1.0 7.38 


The process involved in going from the second to the 
third column is as follows, correct to four decimal 
places: 2.60/7.38 = .3523; 4.58/7.38 = .6206; 
6.38/7.38 = .8645; 7.38/7.38 = 1. 

The entire process is repeated, starting with the third 
column for postmultiplication, instead of the first, to 
get successive columns. Each odd-numbered column 
is a closer approximation to the actual values of ¢ which 





Fig. 2—Basic dimensions from which equivalent length 
and stiffness of a crank throw are calculated 


define the mode. To get ¢o, the results in the final 
column of TaBLeE II are used in Equation 5, giving 
do = — 4604. 
Frequency equation is 10°/w,* = 7.4441, from which 
w; = 115.9 radians per second, and the frequency is 
fi = (60/22), = 1106.8 cycles per minute. The 
iteration could have been carried out by premultiplica- 
tion of the square matrix of Equation 8b by a row 






matrix also, but this does not yield the mode; 
frequency is given in this case. 

By the nature of the iteration process as set up in the 
form of TaBLE II there is assurance that this is the 
fundamental frequency (7), and the final column gives 
the relative ¢ values for the fundamental mode. 

Methods for obtaining higher modes and frequencies 
will be covered in Part II of this Data Sheet. to be pub- 
lished next month. 


only the 











Appendix A 





Formula for equivalent moment of inertia of rotating 
and reciprocating masses is as follows (Ref. 1, Page 
273): 





rojussa(1- Ef 


where M, = Mass assumed concentrated on crankpin 


to replace mass of rotating parts 





M = Mass of reciprocating parts (piston, etc.) 
r = Crank radius SAE 
1 = Connecting rod length. be 
Appendix B 3 
Formula for equivalent length L and stiffness C of PS 
crankshaft, Fig. 2, is as follows (Ref. 1, Page 270): ri 
2b 2 i 
1 ay r “li 
a pe et Ee Pel 
- c( C; r C, 3 Fd 
FS 
where b, = b + .45h = “Effective length” of journal § *5 
a, = a+ Qh = “Effective length” of crankpin ; 
C, = (md,*G)/32 = Torsional rigidity of be 
journal 
C, = (nd,'G)/32 = Torsional rigidity of f __ 
crank 
B = (hc*E)/12 = Flexural rigidity of web 


7 = 11.5 x 10® pounds per square inch = 
Shear modulus of steel 

: 80 x 10% pounds per square inch = 
Modulus of elasticity of steel. 
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TABLE II 
Calculation of Relative Vibration Amplitudes in First Mode Rt. 
3 Mode? 
mode Col.2 Col. Col.4 Col.5 Col.6  Col.7  Col.8 Col. 9 Col. 10 Col. 11 = Col. 12S Col. I : 
4 260 8523 2.186 2901 2.118 .2829- 2.100 2819 2.09793  .281804 2.097683  .281792 = 
6 458 6206 4.672 6200 4.601 6161 4.582 6151 4.57888 615051 4.578408 = 615040, mt 
8 6388  .8645 65386  .8673 6468  .8661 6.449 8658 6.44463  .865674 6.444082 865665 > 
1.0 7.88 1.0000 7.586 1.0000 7.468 1.0000 7.449 1.0000 7.44463 1.000000 7.444082 1.000000 » neer 
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. (Grades F-1, F-2, F-3, F-50, F-51, and F-55) Long rolls or cuts 60 inches 
AVAILABLE IN: wide. All other grades in long rolls or cuts 72 inches wide. 
All grades can be procured in a wide variety of ready-to-use parts such 
as oil, grease and dust seals, washers, gaskets, round wicking, etc. 




















































— ANALYSES 
on, etc.) -——Fiber Basis'—- Chemical Requirements 
Wool Cotton Wool Carbon Water Nonfibrous 
SAE Trade F*ber Fiber Content Tetrachloride Soluble Ash Impurities 
No. Designation Color (%) (%) (min %) Soluble (max %) (max %) (max %) (max %) 
F-l Back Check White TAN ve 95 2.5 25 1.0 3.0 
F-2 Back Check Any Color? 100 — 95 2.5 2.5 1.5 4.0 
F-3 Back Check Gray 95-100 5 90 2.5 3.0 1.5 4.5 
F5 Extra Firm Pad White 100 sag 95 2.5 2.5 1.0 3.0 
ass C of BPs Extra Firm Pad Gray 100 a 92 2.5 2.5 1.5 4.5 
70): F-7 Extra Firm Pad Gray 85-95 5-15 80 3.0 4.0 2.0 7.0 
): F-10 Firm Pad White 100 ie 95 2.5 2.5 1.0 3.0 
F-ll Firm Pad Gray 100 ee 92 3.0 2.5 2.0 4.5 
F-12 Firm Pad Gray 90-95 5-10 85 4.0 2.5 2.0 6.5 
F-18 Firm Pad Gray 80-85 15-20 75 4.0 4.0 2.5 8.0 
F-15 Firm Pad Gray 60-65 35-40 55 4.0 5.0 4.0 9.0 
F-26 Soft Pad Gray 50-55 45-50 45 8.0 6.0 5.0 14.0 
F-50 Ball Bearing Felt White 100 sie 95 2.5 2.5 1.0 3.0 
F-51 Ball Bearing Felt Gray 100 li 92 2.5 2.5 1.5 4.5 
journal P-55 Lining Gray or Black 80-85 15-20 75 4.0 4.0 3.0 8.0 
srankpin Nominal fiber content indicates the percentage of wool and cotton fiber used in fabricating the several grades of felt and includes traces 
di f of other fibers and impurities present in the raw material. Inclusions of traces of cotton and other fibers, residual wool fats and oils or soaps used 
: ity 0 i frocessing may reduce the actual wool fiber content on analysis to values shown under “Chemical Requirements.” 
*Except gray and black. 
dity of 
of web PROPERTIES 
inch = > 
BREAKING STRENGTHi SPLITTING RESISTANCE (cont'd. ) 
al (min., psi) Pe OM ote sore saa 12 
gi Bere ee ere cts cay ot 500 Pee CA: TOR FP PRO 38 
F-2 Ad TUDE — ce OE ee Peet 6 
ts he ETE TS 400 F-12 ...... Seen eee 3 
TO le tae me 400 F-13 and F-15 ............ 2 
ind Ed.) oa eet ee. « eres oe ve 275 §S.A.E, values. Splitting resistance is not applicable to felts where 
- ne ee ee ee ee 250 the thickness is less than #;-inch. For materials less than -inch 
bridge ec ce te oe Nae 235 thick, breaking strength only is recommended as an indicative test. 
am! , 
i eR ne chery e ls em 200 
. See oe eee ee 
~~ ibe 7 AVERAGE ELONGATION} 
e aie RS AEE eae Se 75 (per cent, within nondestructive limits) 
3 Ai 
Be Nente hen eredes crs 500 Tensile SAE Grades 
w, S.A. YS BOs Ca YON ABS Ze 300 Load F-1 F-3 FPS F-10 F-)] F-18 
ali P55 oe eee eee 200 (psi) (20.7)* (20.1)® (15.2)® (11.2)* (12.0)* (11.0)° 
Summer et 5 6 6 14 12 14 
eon SPLITTING RESISTANCES eae 8 10 10 24 19 24 
. : a 13 16 16 33 87 85 
94 
on Prob er en ey me 0. Oo. a 8 
eg oe. se nintetn ee 33 ee 28 39 37 ; f 
tens Sed Fath s ar Me See 30 400........ 35 51 47 
F-3 ~~ 44 at “s 
Pintle ete eR tae oe eee 24 
ATi i OM. ...:.. 51 
BE ees, Lin nee ee. Ss 16 ®Density of test piece expressed in pounds per cubic foot. 
2 
Mode ¢ +From the paper “Mechanical Properties and Uses of Wool Felt’, presented at the recent A.S.M.E: annual meeting in New York. 
9818 1Values conform to S.A.E. standards. : 
6150 § i, ——. ee is pleased to acknowledge the collaboration of The Felt Association Inc., and the Society of Automotive Engineers Inc. 
8657 entation. 








Note: This Work Sheet covers only those felts standardized by the S.A.E. Other types, compounded and processed to meet pesge 
requirements, also are available. 
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WOOL FELTS 





OIL ABSORPTION* 


(per cent increase in weight) 


DE Wig ue B50 as wo do 215 
. San oe eee 230 
_o, SE Fe ae Se ee 190 
an Auiananan s+ ees «sae 870 
eae heey scars oie corned 290 
Ee ee Pee 450 
BN Or oid cairn des +5 alae 475 
A es ob 4 ute ha sas doe wt 500 
RE Se ae 525 
RN aS pW clei oAE NSS «"bmidie's eg 500 
NCS Bichon! Hn gre See ow a 625 
Sc wadinrdy pdm etia¢oa% 225 





*Percentage increase in weight when ane in oil at 76 F. 


Values are average for SAE oils 10 to 
Data supplied by American Felt Company. 


OIL WICKING RATES+ 
(inches in stated elapsed time) 


SAE Elapsed Time (minutes) 
Grade 5 10 15 30 60 90 120 
|. SA ae an 23 32. oe. os 
BE es os pad nen eS 2 vee $8..32 | be. 32 
2 ee em @°48 18:22 if 36 
ae eo #33. 13 22 $28 GA 
ee Bm. ae §4-.38 33° 32 
Note: Oil used for wicking tests was S.A.E. No. 20 at 70° F. 
COEFFICIENT OF FRICTION 
Coefficient of 
Surfaces Sliding Friction 
Felt against smooth wood .......... 32 to .42 
on ee cas .22 to .29 
Felt against smooth metal .......... .20 to .24 
Felt against oiled metal ............ .18 (for No. 80 oil) 





Note: Measurements of the coefficient of friction between various 
densities of felt show that against the same surface the coefficient 
varies only within narrow limits. If oil is used as a lubricant between 
the surfaces the coefficient is affected more by the viscosity of the 
oil than by the density of the felt. 

Data supplied by The Felters Company. 


DEFORMATION IN COMPRESSIONt+ 
(approx., inches per inch) 








——— 


WATER SHRINKAGE—THICKNESS SWELL} 
(by ASTM D461 test method) 


Per Cent 
SAE Per Cent . Shrinkage Swell in 

Grade Length Width Thickness 
_,, eee 2 —0.2 —2.5 15.1 
7. Coe —1.5 —1l.1 172 
B65 wn... Boos —0.2 —3.0 14.7 
Pere... .. Sexe —0.6 —1.8 13.7 
SSPE Se —14 —3.5 149 
re —2.0 —1.1 172 





Note: These figures are the average record of tests made on forty- 
two representative standard S.A.E. felt qualities and densities 


and %-inch thick. 


THERMAL CONDUCTIVITY+ 
(for 1-inch felt) 


SAE 
Grade 


Btu/hr/sq ft/deg F 


VIBRATION DAMPING CHARACTERISTICS 


Natural Frequencies at Loading Limits 
(in cycles per second for felts 1-in. thk.) 





SAE Grades 
F-2 F-6 F-1l 
(21.8)* (16.3)* (11.4)* 
e a 80 
26 
24 
29 ¥ 
27 
ef 95 
81 
29 
27 
26 


*Density, expressed in pounds per cubic foot. ; ; a 
Note: Loading beyond the above limits will result in excessive 
deformation, increased stiffness of the system, and decreased vibration 


isolation. 





Load SAE Grades ABRASIVE WEART 
(psi) F-1 F-3 F-5 F-10 F-ll_ F-15 (per cent decrease in thickness) 
a eee oa 10 106380 lUDSCCO Applied Loads 
BR fee intiod. ab-ak .08 Ae .20 .38 ol .36 SAE (oz per sq in. 
Oh Tox eae Rae oe ee 3 70 103 
Peele ie ale ae eae: ae Grade S. a ai 
og gts 19 22 1 48 44 46 MY Se oa orto. oa | 10 ¢ 30 
LS 21 24 34 50 46 49 MEN 2 Ie ce, teal ais aie 33 : - 60 
eS a 24 26 36 52 A8 50 i IR CR i AIS ie ark eee 3.0 oe 183 
re .26 .28 38 53 Ei 52 er han etd A So Nr 4.1 ‘ 
- Ey eee = Z os ~ = - Note: Data apply to rubbing felt on felt, 10,000 eight-inch strokes. 
on es ss eS HARDNESS DENSITY RELATONSH 
SG <.s 2's Abia 35 37 AT 61 59 .60 (approx., S.A.E. standard felts) 
BTS, i os bie ve 36 38 48 62 .60 61 zy “4,” 
ees 37 40 49 63 61 ‘62 Density ae 
NR 89 41 #51 685 62 .625 (Ibs per cu ft) 5 
FD os ins esas 40 42 52 64 63 2 G. >>, () = nsaieeschetckeoeertee™ . 
RS Al A438 53 65 63 64 I a Pe en sO 7 
ENE RIAE Ss 42 44 54 66 64 65 RR Secret ress: os 
Ep Sep e ae 48 45 55 67 65 66 AS A ers Se a 
ERIE Sl A5 AT 56 68 66 67 AS A he et cage ede o 
5350 San ae 46 48 57 .70 68 69 RE Yee he Ho HN ee ce a 
" - Sa eee © 48 50 58 Tags .70 aia aed Sats ipl ec Rey 
Feary A9 51 59 Mash aia Re reer rs or ee y~ 
SR sd os Leu 51 52 61 ud ooh sf Be ite abe toe eo a 
peemectetriean pay ies of tests. They 
0 Aa atgeaie, NY indiotine, Not to be weed for def Note adered standard of sutable for definite spe 
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15.1 
172 
14.7 
18.7 
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on forty- 
sities \ 


gF 


F-11 
11.4)* 
380 


24 


excessive 
vibration 


102 
2.1 
3.0 
6.0 

18.5 


strokes. 
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yn rs 
COMPRESSION SET AND DEFORMATION+ 
(average ) 
SAE Grades 
F-1 F-3 F-5. F-10 F-11 F-15 

De- (20.7)* (20.1)* 15, 2)* (11.2)* (12.0)* (11.0)? 
formation Load Comp. Set Load Comp. Set Load Comp. Set Load Comp. Set Load Comp. Set Load Comp. Set 
per cent) (psi) (per cent) (psi) (per cent) (psi) (per cent) (psi) (per cent) (psi) (per cent) (psi) (per cent) 

.:.. 21 1 13 1 6 4 1 4 1 3 1 

ae 45 2 85 3 17 7 2 7 2 6 2 

30 .. 108 4 93 6 4l 9 3 15 4 10 4 

a 246 “i 210 9 91 24 6 34 6 26 6 

50 . 480 11 421 12 218 58 9 72 9 64 10 

m.... + 1,297 23 1,223 24 458 151 13 173 13 162 15 

90 ..... 27,890 53 21,180 55 7,746 2,382 40 2,625 42 8,416 42 


—_—____ 
Note: Compression set is expressed as the percentage of the difference between original and final thickness to the original thickness. 


*Density, expressed in pounds per cubic foot. 


CHARACTERISTICS 


Made without spinning, weaving or knitting, felt is a 
mated fabric formed from wool and other fibers by a 
uitable combination of mechanical work, pressure, heat 
and moisture. It does not ravel or fray and can be cut 
to many different shapes for gaskets, washers, wicks, etc. 
Available in widely varying degrees of hardness, some of 
its grades are hard enough to turn on a lathe; others are 
wft enough to sew. It offers exceptional resistance to de- 
rioration, being little affected by age and exposure to 
wether. Being homogeneous in structure, its physical 
properties remain unchanged as it wears down in thick- 
wes. It is highly oil-absorbent and is not injured by long, 
continued saturation. It possesses good resilience, con- 
sequently can be compressed and released thousands of 
times without permanent deformation. It has excellent 
qulities of insulation against cold or heat, sound and vibra- 
tim. Obtainable in almost any color desired, it can be 
mde water-repellent, water-absorbent or flame-resistant by 
«propriate chemical treatments. 


APPLICATIONS 


SAE F-1: Is suitable for oil retention in installations 
where the felt is not compressed; for feeding low-viscosity 
or light oil, and where unusual strength and hardness are 
required, Ink rollers, bushings, lubricating wicks, axle oil- 
raining washers, polishing wheels, door bumpers, em- 
bosing plates, machine pads, washers, and parts where 
wear and resistance to abrasion are required. 

SAE F-2 anv F-8: Recommended for same general pur- 
poses as grade F-1 and where felt of slightly lower quality 
‘satisfactory. Some typical applications are: Packing, oil 
and water gaskets, chassis antisqueak members, tank pad- 
ting, felt feet, vibration damping members, and washers. 

SAE F-5, F-6 anp F-7: Recommended for dust shields, 
wipers, grease-retaining washers, wicks, oil filters, strips, 
tukets, and in uses where a resilient felt is required. 

SAE F-10, F-11 anp F-12: Are recommended for grease 
ad oil retention where the felt is confined and compressed 
assembly. Ball bearing seals, free-flow lubricating 
Vicks, gaskets, axle washers, moistening felts, grease seals, 
tin polishing pads, sanding machine drums, and packing. 

recommended for dust shields in applications where, 

because of less severe operating conditions, F-5, F-6 or F-7 
*® not required. 

SAE F-13 anp F-15: For mechanical purposes where 

and wear are not important factors. 

nended for sound deadening, chassis strips, spacers, dust 
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Recom- 


shields, pedal pads, radiator packing, antisqueak strips, in- 
sulating, packing, and stamp pads. 

SAE F-26: Is suitable for packing, padding and in- 
sulation when held in place between other materials. 
Should not be used for mechanical purposes. 

SAE F-50: For mechanical purposes where an accurate, 
thin, smooth, high-grade felt is required. Recommended 
for ball and roller bearing oil-retainer washers and small 
dust-excluding washers. 

SAE F-51: Same general uses as F-50 but in applications 
where tolerances and length of life are not as important. 
Also for thin cut parts such as gaskets and liners. 

SAE F-55: Antisqueak strips. Also for lining when 
cemented to fiber board or metal panels. 


FABRICATION 


Felt can be die-cut, punched, skived, chiseled, turned, 
scarfed and ground. In general, these operations are sim- 
ilar to those commonly performed on leather, sheet rub- 
ber, fabricated gaskets of various compositions, and other 
nonmetallic materials. Sheet felts are cut with woodwork- 
ing tools. Intricate parts often can be built up of separate 
pieces, assembled by sewing or with adhesives. 


RESISTANCE PROPERTIES 


Wool felts are not deteriorated by oils, greases, solvents, 
moderate heat, extreme cold, dryness, sunlight, and ozone. 
When soaked in distilled, tap, chlorinated, or sea water 
at room temperature, wool felts will swell moderately in 
thickness and shrink slightly in length and width. Also 
breaking strength will be lowered by about 25 per cent. 
However, when redried after such soaking, they recover 
their initial strength. Their dimensional stability and 
physical properties are’ not affected appreciably by ex- 
tended exposure to lubricating oils and organic solvents. 
In concentrations up to 14 degrees Baume, strong inorganic 
acids such as sulphuric and hydrochloric are noninjurious. 
It has been observed, however, that nitric acid in 14 de- 
grees Baume concentration decreases the breaking strength 
of wool felt by 30 to 40 per cent after a 5-day immer- 
sion. Strong bases and alkalies are naturally injurious. 

In regard to temperature, when wool felts are used above 
212 degrees Fahr. the wool loses its hygroscopic moisture, 
and breaking strength, elongation and splitting resistance 
are adversely affected. Wool felt does not support com- 
bustion and can be flame-proofed to render it fire resistant. 
For most applications it is regarded as a permanent ma- 
terial, stable under normal ‘conditions of use. 
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WOOL FELTS 
os 
Permissible Tolerances in Thickness 
(inches) 
Nominal Thickness (inches) memmantiinitien 
SAE Y% ts Ye, ts 78 sy] 
No. min max min max min max min max min max min mat 
SS -112 137 173 .201 .285 .265 .296 329 .358 392 480 520 
| aa 112 187 1738 .201 .285 .265 .296 .829 358 392 480 520 
(ees 112 -187 178 201 235 .265 .296 829 358 392 480 520 
ES 5 aie ee 112 187 172 .203 231 .268 .291 834 .850 899 470 530 
|. Sa 112 187 .172 .203 .231 .268 .291 .334 .850 339 470 530 
._ See 112 187 172 .203 .231 268 .291 834 350 399 470 530 
SS aa 105 .145 .164 211 .223 277 .282 342 .341 .408 .460 540 
eee .105 .145 -164 211 223 277 .282 342 341 408 460 54) 
| ee .100 .150 .158 217 217 .288 .275 .850 .3833 416 .450 550 
| Sa -100 -150 .158 .217 217 .283 275 .850 .833 416 .450 550 
. ae .100 -150 .158 .217 .217 .283 275 .850 .333 A416 .450 530 
ee .085 .165 -142 .233 .198 .802 .255 .870 811 488 425 575 
Weight Requirements} re 
(Ibs per sq yd) 
Nominal Thickness (inches) 
SAE Vy ts % ts % —_k—__ 
No. min max min max min max min max min max min mar 
| > See 1.9 2.1 2.85 8.15 3.8 4.2 4.75 5.25 5.7 6.3 7.6 84 
_ Sa e 1.9 2.1 2.85 3.15 3.8 4.2 4.75 5.25 5.7 6.3 7.6 84 
Ge 1.8 2.1 2.71 8.15 8.61 4.19 4.50 5.24 5.41 6.29 7.21 6.39 
eee 1.45 1.61 2.18 2.40 2.91 $.21 3.63 4.01 4.36 4.82 5.81 6.43 
Saar 1.45 1.61 2.18 2.40 2.91 3.21 8.63 4.01 4.36 4.82 5.81 6.43 
, 1.42 1.64 2.12 2.46 2.83 $.29 $3.53 4.11 4.25 4.93 5.66 6.58 
Sa 1.01 1.11 1.51 1.67 2.02 2.24 2.53 2.79 $3.08 8.35 4.04 4.46 
) 0.98 1.14 1.47 1.71 1.97 2.29 2.48 2.84 2.95 3.43 3.93 457 
eS 0.98 1.14 1.47 1.71 1.97 2.29 2.48 2.84 2.95 3.43 3.93 457 
a 0.98 1.14 1.47 p Ry g § 1.97 2.29 2.48 2.84 2.95 3.43 8.93 457 
i SAS 0.98 1.14 1.47 1.71 1.97 2.29 2.48 2.84 2.95 3.43 3.93 457 
P-26...... 0.86 1.04 1.28 1.56 1.71 2.09 2.07 2.53 2.56 $.14 8.42 4.18 
Weight Requirements—Extra Thin Grades} 
(oz per yd, 60 inches wide) 
SAE N 1 Thickness (inches) 
No. 050 055 .060 .065 .070 075 .080 085 
ee RSE are 20 22 24 26 28 30 $2 $4 
MM BAC-d ays ciate 20 22 24 26 28 80 $2 34 
ck RS Sn 15.5 17 18.5 20 21.5 23 24.5 26 
S.A.E. U.S. Army U.S. Navy Felt Assoc. S.A.E. U.S. Army U.S. Navy ar 
F-1 8-15G #21 27F7d T F-1 B-30 GRRE oe oe) 5 ae ee re ee ee = 
ee * EES: A UROEE LA ea i eee B-35 F-13 8-15G #38, 12 27F7d Type F-13 D-40 
F-3 8-15G #18, 14,15,16 27F7d Type F-3 B-40 F-15 Se | sletlevacyeussus D-50 
. Seer Sta ears 27F7d Type F-5 C-30, C-35 F-26 8-15G #27 27F7d Type F-26 D-56 
A Sh Ne eee i on so Pe pee wae os C-40, C-45 F-50 Cis: — 
F-7 8-15G #7, 23, 24 27F7d Type F-7 SRN -- A c aecut and a ae e G-10 
ee EM FN nance e es twess D-10 BS pee Sin es ah ano Kan bee eRwr as = 
ERE ee ee pe et get ah tine oc ine D-20 I Ded Ae DS inet gees a. pea ie 
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} . . developments not inventions’’ 





the Editor: 

¢. V. Woodling’s article, “Group Invention Must Be 
held” published in the February issue of .MACHINE 
, affords a better understanding of why our patent 
ystem is contradictory and discouraging to inventive ac- 
iy. It is a clear picture of a situation existing in the 
tited States, whereby a group of scientifically and tech- 
ically illiterate judges try to invalidate and discredit the 
ersally acknowledged and historically approved in- 
tion of Mr. Marconi. 

The Supreme Court judge’s opinion presupposes that 
we is invention in group activity, with or without the 
wentor. Invention and development are mixed and 
eated as the same thing in order to deny a patent to the 
dividual and original inventor. In spite, however, of 






















i an invention, the Supreme Court properly refuses to 
pant a patent on so-called “group development”. Invent- 
ng something is entirely different from developing some- 
hing. Successful development by a group requires either 
¢ cooperation of the inventor, or the services of com- 
tent scientists who can reduce the invention to prac- 
t. However, it is never the group which makes the in- 
tation but someone inside or outside the group. 
It is evident that the main thought behind the ears of 
judge who writes such an opinion is to grant a patent 
peither to the individual inventor nor to the corporation 
ing the group. This is the theory of the collectivist 
‘wntries where both the individual and the corporation 
tt subordinate to the state. 
—Dr. Evex K. BENEDEK 
Chicago, Ill. 


-.. journal finish is critical’’ 


lo the Editor: 

‘ would like to compliment you on the excellent article 
urface Finish—Key to Bearing Life”, by E. L. Heming- 
"y, Published in the November issue of MACHINE DESIGN. 








ae tainly a good round-up of the subject and one 
’ most thought-provoking articles I have read in some 
us Particularly interesting was the comment made by 
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PROFESSIONAL 
VIEWPOINTS 


MACHINE DESIGN welcomes comments from readers on subjects of interest 
to designers. Payment will be made for letters and comments published 





the author which, if I interpret it properly, was that 
scratches on a journal parallel or substantially parallel to 
the axis of the journal are far less harmful than annular 
scratches of the same depth. This is so contrary to the pre- 
vailing ideas on the subject that I believe some further 
elaboration would be in order. 
—R. E. Orton, Chief Engineer 
Acme Steel Co. 


To the Editor: 

Mr. Orton’s comments on our ideas concerning the ef- 
fects of scratch direction do not surprise me. I feel cer- 
tain that in many cases we have been imitating the ostrich 
in using a “codirectional” finish. We have been hiding 
the damage done in operation by thus placing the original 
scratches in the exact direction of subsequent scoring. This 
is particularly true on flat reciprocating bearings where the 
surfaces are not efficiently separated by oil-film pressure. 

Judgment must be used, of course, in each individual 
case because of the employment of a compromise be- 
tween the possibility of pure cutting by roughness and 
the necessity for breaking up minute welding actions. For 
instance, I would very definitely use a codirectional finish 
where a piston rod operates through a nonmetallic pack- 
ing because a cross-directional scratch would act as a dull 
tool to wear away the packing. In addition, there would 
be no possibility of welding action taking place. In all 
probability an extremely smooth finish would be still bet- 
ter for such piston rods. 

Another point I would like to-make is that the exact 
angle of the scratch does not seem to be very important. 
A deviation of only a few degrees from the direction of 
motion effectively breaks the continuity of any welding ac- 
tion and distributes the oil across the ridge tips. 

Lest too much importance be attached to scratch pat- 
tern, I would also like to point out the fact that roughness 
or depth of pattern is much more harmful than variation 
in direction of scratch. In the article it was shown that a 
decrease in scratch depth from 10 to 2 microinches showed 
an increase in load-carrying capacity of 66 per cent. Re- 
duction of waviness and production of very accurate di- 
mensional shape also are much more important considera- 
tions. The difference in load-carrying capacity of com- 
mercially finished shafts and bushings and those produced 
with an accuracy measured in millionths of an inch is 
amazing. 

—E. L. Hemincway, Chief Metallurgist 
International Detrola Corp. 
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ASSETS to a 


Vibration Analysis 


By N. O. Myklestad, research associate, in charge 
of vibration and flutter, Guggenheim Aeronautical 
laboratory, California Institute of Technology; pub- 
lished by McGraw-Hill Book Co. Inc., New York; 
800° pages, 5% by 8% inches, clothbound; available 
through Macuine Desicn, $3.50 postpaid. 


Shaking or exciting forces which upset the equilibrium 
of a machine or machine part produce the phenomenon 
well known to engineers—vibration. Such forces and 
motions are always present in moving machines, and in 
most cases they are undesirable. Detrimental effects that 
they can produce include increased stresses of machine 
parts; interference with proper functioning of the ma- 
chine itself and other machines and instruments in the 
vicinity; physiological discomfort, particularly when the 
vibration is a noisy one; and loss of mechanical energy 
due to damping forces, which are always present. 


This book on vibration analysis has been written main- 
ly to provide the mechanical engineer with the best meth- 
ods of solving the most important practical vibration prob- 
lems occurring in modern machine designs. Special prob- 
lems of considerable complexity are treated in the text 
primarily for their velue to vibration specialists. 


Introductory chapters of the book place principal em- 
phasis on helping the reader to’ understand clearly the 
various phases in the occurrence of vibration. Of par- 
ticular interest are the simple tabular methods, which 
have been developed by the author, for solving most of 
the important vibration problems that arise in modern 
engineering involving more than one degree of freedom. 
All sections are well illustrated with examples and draw- 
ings. A variety of questions and answers are included 
in order to emphasize the most important points covered. 


oe Be 


° 


Air Compressors 


By Eugene W. Feller, operating engineer, member 
of National Association of Power Engineers; pub- 
lished by McGraw-Hill Book Co. Inc., New York; 460 
pages, 5% by 8% inches, clothbound; available through 
Macuine Desicn, $4.50 postpaid. ty 


Sound engineering in the field of compressed air and 
compressors is primarily evolved from a background of 
knowledge which tempers the theoretical with the prac- 
tical. Although many books are available on the principles 
and thermodynamics involved in air compression, the ma- 
terial is highly theoretical and when viewed from the 
practical side of the picture offers little or no help. How- 
ever, the inherent advantages of air power are creat- 
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BOOKCASE 


ing an expansion of industrial applications ang or 
tical knowledge on economical and efficient air com 
sion is at a premium. 























The author covers reciprocating, rotary, centrify 


ous designs of each type are thoroughly discussed, gj 
ing a mechanical description of the component party 
an operating explanation, with curves and drawings sh 





Valve design, piston rings, packings, bearings, vanes, }j 
rication, oil selection, etc., are representative of the may 
points covered. Although each is necessarily incidg 
to compressors or compressing equipment, any machiy 
designer may find embodied in these tried and pry 
devices basic engineering principles which might well 3 
in the development or improvement of equipment 1s 
in some seemingly dissociated field. 


oo i. 


Guide to Weldability of Steels 


Published by the American Welding Society, New 
York; 89 pages, 8 by 9 inches, paperbound; available 
through Macuine Desicn, $1.00 postpaid. 








High uniformity of materials used in the fabricatiog)\ 
of welded machinery parts and the safety of such pat ik 
under extreme operating conditions have tended to wide—y 
the field of weldments into what is now perhaps @ 
of the* most significant stages of growth since their ij | 
ception. Further improvements no doubt are still to com 
as the science of controlled welding is made a practi 
everyday accomplishment. 


“Weldability’—as applied to the reaction of a h 
metal to the heat directly adjacent to a weld—can ® 
predetermined and loss of ductility in the material net 
to a weld, usually caused by an excessive cooling ra 
which hardens and embrittles the steel, can be controlledffatur: 
This book on the weldability of steels has been compilegett 
with the intention of promoting a practical method fogigh 
handling this particular problem. Use of an end-qué sorang 
and a notch-bend test, as outlined, enables the desig A c 
engineer to prescribe the proper current and welding speeq@a 
to insure safe ductility in the heat-affected zones. he sae 
for all plate thicknesses up to two inches are given pun 
the book for butt, fillet and lap joints. Tables show ney be 
proper preheat to use and indicate when preheat is Temi 
quired for good results, Numerous examples and draw Bais, 
ings illustrate clearly the step-by-step procedure to é a 
low in making use of this new system for selecting st# é 
and predicting ductility in the heated weld zone. mo 

For those interested in the advancemnt of safe welding ‘ 
technique in the manufacture of any form of weldmelg™ 
will find this a highly informative and interesting book. 












Je 
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"SUR \tor-Pump Uses No Direct Coupling 


Ccentrifyo ; 

text, Val DAPTED to serve as a compact submersible sump 
cussed, gig pump, the basic design of the unit shown in the 
it parts ankompanying illustration can, with minor alterations, be 
Wings showed to fill a variety of special requirements as either 
nechanim#juid-impelling pump or a fluid meter. Covered in a 
vanes, lilies of patents granted to Albert R. Pezzillo, the device 
\f the man} 
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Aotor impeller! 


Insulating Cylinder \ 
Rubber Seals 


issump pump uses a special impeller fitted within the 
rotor of the electric drive motor 


f a ba 
—can b 
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ling rat 

ontrovediaurss 2 pumping impeller fitted within the rotor ele- 
compilegge of a specially designed electric motor, affording 
thod fogmight-line flow of the pumped medium regardless of the 


J-quend 
e desig 


Tmngement. 
A continuous helical impeller blade is mounted on, or 
ng spee@pate integral with, a tubular hub and fastened into a 
Foe ™ unit to form a single element. The hub of this 
aie” mrinpeller is carried on a solid shaft which is retained 
how . gs fitted into spider sections that are integral 
at IS TMM the mating end-bell housings. Electric motor stator 
d draws of standard design are hermetically sealed into the 
{0 70 housings by means of a rubber-gasketed cylinder. 
ig ST linder separates and electrically insulates the stator 
mations from the fluid being pumped. Design of the 


welding “ly is such that assembly automatically aligns and 
elem, 0s the required uniform gap between the rotor- 
book. heed the insulating cylinder. 
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Noteworthy Patents 


By connecting the motor windings to a suitably cali- 
brated meter the device illustrated may, in one of its 
many design variations, be used as a fluid flow meter. 
Slight alterations will also adapt the device to use in mix- 
ing fluids, aerating, etc. 


Disk Oiler for High-Speed Journals 


NHERENT difficulties and deficiencies usually found 

in ring-type journal oilers as well as those of present 
rotating-disk type oiling systems are said to be eliminated 
by the new design shown in the accompanying illustra- 
tion. Patent 2,357,410, recently assigned to the Kings- 
bury Machine Works Inc., covers this simple effective 
means for supplying adequate quantities of oil to high- 
speed journals or other bearings. 

Gravity is employed as the sole means of retaining the 
scraper contact with the disk face. Oil carried by the disk 
is removed by the scraping action of the edge of the cross 
bridge and deflected through one or more openings along 
a passage into the bearing reservoir. Pivotal mounting 
of the scraper unit provides a considerable latitude in 
mounting the oil disk relative to the bearing shell. The 
assembly is completely self-aligning and well adapted to 
variations in temperature or speed of operation as well as 
movements of the disk or shaft. 
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Gravity controls the self-aligning scraper unit in this 
compact disk-type journal lubricator 
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Dependability with Heaters 


(Concluded from Page 117) 
needs auxiliary heating, because the flexible heater can be 
distributed across the metal face of the magazine, result- 
ing in a relatively low average surface temperature. 

The direct-current drive motors for these magazines are 
also protected with a thermal cut-out. The motor circuit is 
opened within less than a minute’s time should the mech- 
anism become jammed. The locking of the motor arma- 
ture causes the locked-armature current to pass through 


Water-Brake Simplifies Engine Contro 


By Earle S. Burnett 


Mechanical Engineer 
U. S. Bureau of Mines, Amarillo, Tex. 


E xpaNsIon engines or, simply, expanders, have been 
used for many years for the production of intense cold 
through external work done by compressed air, nitrogen 
or other gas expanding behind the pistons. The chief ap- 
plication has been in plants for the liquefaction of air and 
the separation of its constituents, particularly oxygen, by 
methods originally developed early in this century by the 
Frenchman, Georges Claude. 

Most expanders are small, single-acting, vertical engines 
of 5 to 20 horse- 
power, operating 
with fixed cut-off at 
nearly constant 
head pressure of 
about 600 pounds 
per square inch. 
They develop power 
and produce refrig- 
eration in nearly di- 
rect proportion to 
their speed. This 
power is absorbed 
and their speed con- 
trolled in most in- 
stallations of the 
past by electric gen- 
erators, either di- 
rect - connected or 
belt-driven. 

External work done by the gas expanding in these en- 
gines results in a cold exhaust which provides the desired 
refrigeration. Practically, this external work is so small in 
comparison with the total compressor load that efforts to 
recover and to apply it usefully have not been considered 
warranted. The electrical energy generated is usually dis- 
sipated as heat in air-cooled grid resistances. 

Although electrical loading of the expanders provides 
an easy, flexible method of speed control, the necessary 
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a small heater wire in close contact with a bimeta| dish 
the thermal protector. The local heating of this 
causes it to snap open, thereby opening the moio; Cire 
This protection is especially necessary on motors design 
to give a large shaft output for a short duty cycle of ¢ 
to five minutes. 

A similar application has been made for surface heati 
of aerial camera lens cones. The _ heater COnsists 
nichrome wire wound into a webbing of asbestos do 
with the outer surface of the heater insulated by a wr 
ping of fiberglass cloth and the assembly impregnat 
with a flexible varnish so that the heater remains flex 
and can be wrapped around circular surfaces, 





electrical equipment is expensive. If it is Operated in 
uations associated with liquefaction of combustible gag 
it must be isolated in chambers supplied with a plenum 
fresh air to safeguard against possible explosion haz 
in atmospheres that might be contaminated by leakag 

To avoid this expense and possible hazard in numen 
expander installations at plants recently constructed 
extraction of helium from natural gas, belt-driven hydra 
ic couplings and “hydrotarder” brakes were selected fn 
several devices considered, after experimental work by th 
author had established their suitability. Such an instal 
tion is illustrated in the accompanying photograph. 

The brake is designed specifically for absoibing powt 
by a churning action of impellers on water circulat 
through the enclosing housing. The power absorbed | 
this action, for any one size of hydrotarder, depends up 
the quantity of water within the housing, and varies abo 
as the cube of the speed of impeller rotation for a givd 
filling of water. The nearly constant driving torque é 
veloped by an expander, stepped up in speed by multip 
“sparkproof” V-belt flywheel drive to sheaves on the bral 
develops therein an opposing torque which quickly # 
bilizes at any desired speed determined by the quanti 
of water that the hydrotarder is permitted to retain will 
in the system. 

Obviously, this water will be heated by the expand 
work and must be cooled. At the helium plants met 
tioned a closed system is used. The centrifugal pump 
action of the brake impellers is utilized to drive some 
the water out through one pass of a small shell and tubé 
type water cooler and back into the suction or supply col 
nection of the brake, thus automatically maintaiming 
constant quantity of water within it. 

Manually operated self-closing supply and bleed-0 
valves attached to this closed water circuit permit chan 
ing the total quantity of water within the brake housing 
Addition of water reduces the speed; withdrawal of wal 
increases the speed. Response to these manipulations 
immediate and speed changes are established withot 
hunting. An expander started under full pressure ™ 
not overrun in stabilizing. From the standpoint of spee 
control for this particular application, these arrangemé 
and manipulations are simple, positive and _satisfactor 
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Baker Hydraulic ee.) So 


Bulldozer made by eo . 
Baker Manufacturing Co. ~ - 
Springfield, Illinois 


a 


BRANCHES IN 
18 INDUSTRIAL 
CENTERS 
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When an air strip is needed in a hurry . . . or a pillbox is 
to be demolished . . . the call is for.a Bulldozer. In the 
present war these sturdy earth movers have earned their 
chevrons along with tanks, guns, planes and ships. Most 
fighting units class them as indispensable. 


The Baker Bulldozer is a good example. In war and in 
peace they deserve their well earned reputation for being 
TOUGH. They do their work fast . . . efficiently . . . and 
keep right on doing it day in and day out. One reason 
why Baker Bulldozers deliver such excellent performance is 
that they are equipped with Johnson Sleeve Type Bearings. 


Helping manufacturers of all types of equipment to build 
superior performance into their product is a welcome 
assignment for Johnson Bronze. When you need advice on 
any type of bearing application, consult with Sleeve 
Bearing Headquarters. 


JOHNSON BRONZE CO. 


525 S$. MILL STREET NEW CASTLE, PA. 























































Electronics 


(Continued from Page 146) 


the two-point control type B. The rheostat is operated by 
a reversing motor of the split-field series type, energized 
by other contacts on the relays of the two photoelectric 
relays. Thus, when the position of the loop moves out of 
either end of the limits set by the two light beams, there 
is a momentary change in speed due to the action of the 
photoelectric relay contacts on the small series field re- 
sistors and a slight change in the average speed as set by 
the motor-operated rheostat. (On types B, C, D and E, 
when light reaches the phototube holder, relays CR pick 
up, closing the normally open—N.O.—contacts and open- 
ing the normally closed—N.C.—contacts. ) 

Type F: All-electronic loop control usually consists of 
a photoelectric means of detecting loop position, an am- 
plifier, and a thyratron rectifier circuit (see Fig. 7). The 
phototube receives a varying quantity of light, dependent 
on loop position, and produces a signal voltage which in- 
dicates the position of the loop. This signal, when am- 
plified, controls the output voltage of the thyratron recti- 
fier and hence the field current and speed of the motor. 
For a low position of the loop, the control produces a 
strong motor field and this decreases the motor speed, 
causing the loop to rise. For a high position of the loop, 
the control produces a weak motor field which of course 
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Fig. 8—Ideal positions for light sources and phototube 
holders to control payoff-coil and mid-line loops 















increases the motor speed and causes the loop to lower. 
For each position of the loop in the control zone there is 
a corresponding definite motor speed. The loop will ride 
steadily in that position at which the resulting motor speed 
feeds material into the loop at the same linear speed as 
that at which it is withdrawn. As the coil diameter de- 
creases on a payoff loop, the loop rises slowly but steadily 
to increase the speed of the motor. The control contains 
stabilizing circuits to compensate for time delays in the 
response of the elements of the system and thus prevents 
“hunting” (a continuous oscillation of the whole control 
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system in which the motor speed and the loop positig 
continuously changing). , 

It is possible to design the amplifier of an electronic 
control to furnish excitation for a motor-generator set 
as an amplidyne generator, which then would provid 
field voltage for the motor. Another Possibility fo, 
all-electronic loop control is to use parallel high-vs 
tubes of the power amplifier type connected in parallel 
in series with the field of the motor and control the m 
speed by varying the current through these tubes, Hi 
ever, it is not practical to use high-vacuum tubes dir 
to control the field current on motors larger than aboyt4 
horsepower. 













STABILITY OF AUTOMATIC Loop ConTrols: Type 
loop controls are intended for installations where stab 
of operation is inherently achieved because of the reli 
ly wide control zone, narrow range of speed contr ; 
low material speed. Under such conditions the loop ri 
steadily in the position necessary to produce the requi 
material speed. 

Basically, all of the automatic loop controls except ty 
A and F function by a cycling which is similar to hunt 
In types B, C, D, and E, the loop will change its posit 
until it passes beyond a definite limit. Then there is 
abrupt change to a second speed which moves the k 
back from the limit. This is a repeating cycle that dif 
only in the rate at which it runs out and the frequency 
correction. The second or correction speed should dif 
from the first speed by sufficient magnitude to pemit! 
motor to coast slightly and move the loop back well} 
yond the limit position. A slight difference in these 
speeds would produce too frequent operation of the « “ 
trol and the loop would jiggle continuously at the limit 
sition. In types B, C and E, the operating speeds att 
two limits should be far enough apart to bound the nomj  _ 
variations in the operating speed of the material. Int ay 
type F control, the motor-operated rheostat corrects for@ yy, 
slow changes in speed and thus greatly reduces the ig), 
quency of cycling. It is desirable that the small field ini 


nal 


' sistors and the speed-control resistor for the rheostat mo! 


be adjustable so that adjustments can be made to sect 
optimum results at the time of installation. 

The two mosi important characteristics of the alll p 
tronic loop control (type F) are stability and speed of 
sponse. Stability or freedom from hunting is necess 
to achieve smooth operation. Fast speed of response 
required to maintain the loop during rapid acceleratio 
of the line. Stability in an all-electronic system increas 






Fig. 9 — Deep-pit 
loop offers storage 
capacity 







- 


MACHINE Desicn—Apail 


) POsition 
















































€ctronic | 
LtOr set, g 
| provide 
lity for 
high-vacy 
N paralle 
ol the md 
bes, jy 
ibes Clirer 
in about 


5: Type 
ere stabil 
the relat 
control g 
© loop ri 
he requi 





‘xcept 
to hun tin 


a A NEW PLASTIC FOR INDUSTRY 


es the h 
that diff 
equency 
ould dif 
Ns ai Highly significant among countless new materials developed for war requirements is Styraloy—trade-mark 
‘Gnu name for a remarkable group of plastics possessing properties intermediate between rubber-like materials 
f | and rigid thermoplastics. 


elimitg Working it out together” with the Armed Forces, Dow developed the first of this impressive new line— 
em —Styraloy 22—to provide a one-piece cable sheathing with a low power loss at high frequencies and possessing 
; great durability and flexibility. These unique qualities—combined with others presented below in capsule form 
the nom —point to its use in a broad range of products. As a result, unlike many war-born materials, Styraloy anticipates 
al. 4 a peacetime career of great importance. 

ects for 


ws Now that Styraloy is available for commercial purposes, molders and manufacturers or designers will find 
t 


Dow equally willing to cooperate with them in developing to the fullest extent the numerous applications 
ll field indicated by the impressive list of Styraloy’s properties. “‘Let’s work it out together.” 
stat mot 







designer plus fabricator plus raw materials producer. 
Working together, this team saves time and money 
and puts plastics to work successfully. 
Call us—we’ll do our part. 


necessd 
esponse 
releratio Ns a 
- increas 


pos 2. 
We at Dow know from experience that success in plastics 
is not a one-man nor even a one-industry job. It calls for 
e all-ele { ge $ 
bout , the combined skill and cooperation of manufacturer or 
eed of ne 
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TABLE [ 
Applications of Automatic Loop Controls 

















directly with the width of the modulating zone; that is, 
the control zone in which each position of the loop corre- 
sponds to a different motor speed. Stability decreases 
when the speed of the material increases and when the 
range of speed required to hold the loop increases. Inertia 
of the motor and its connected load also affect stability. A 
low ratio of the friction load to inertia load on a motor 
decreases the stability of the system. High speed of re- 
sponse and stability of all-electronic loop control are due 
solely to the proper use of stabilizing or anti-hunt elec- 





Fig. 10—Looping tower is employed where considerable 
storage capacity is required 


trical circuits as combined with an adequate width of 
control zone. 

There are two basic electrical methods of achieving 
stability in all electronic control circuits. The first—the 
“slow down” method—consists of decreasing the speed 
of response of certain elements of the system until stable 
operation is obtained. The second—the “speed up” meth- 
od—increases the speed of response of the control. The 
second method anticipates time delay and adds to the 
correction signal an antihunt signal which is a function 
of the rate of change of the correction signal. This 
“speed-up” antihunt signal is comparable to the action 
of an experienced coil handling operator who anticipates 
the time delay and moves the field rheostat to decrease 
the rate of change of the loop position before the rap- 
idly changing loop reaches the desired position. 

LocaTION OF PHOTOELECTRIC DETECTING Units: Light 
sources and phototube holders generally can be located 
out of the way where they cannot be easily damaged and 
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Type of Automatic Loop Control 
be Material Change in A B Cc D 
Speed Motor Inertia Control Rider- Motor- 
Loop (ft. per min.) Speed Range Load Zone Width Loop One Two Roll Operated 
Required on Motor® (inches) Rheostat Point Point Rheostat _Rheostat 
Payoff 0-100 5:1 5:1 20 xX Mh «Eh X x 
Payoff 100-1000 5:1 50:1 20 rae Sad Fe a Xx 
Payoff 100-1000 where 5:1 is obtained by rider-roll rheostat iia 2 x 4 
with + 7% additional by two-point control eke a: 
1 50: 20 sd -— 
Mid-line 0-100 +10% 1:1 2 x x x xX 
Mid-line 100-1000 + 10% 1:1 20 x Xx xX 
Mid-line 1000-3000 +10% 1:1 20 a om xX 
Mid-line 0-100 +380% 1:1 5 Xx + xX xX 
Mid-line 100-1000 +80% 1:1 20 Aes me ? xX 
Storage 0-100 +50 —10% 1:1 5 x ? x Xx 
Storage 100-1000 +50 —10% 1:1 20 » ll xX xX 


Notes: X indicates control is generally suitable for conditions indicated. 
: indicates control is questionable for conditions indicated, esp ecially at the highest speed. 
* Expressed as a ratio or range of the total inertias involved, including motor inertia, 


the speed of the payoff coil, which serve as impulses 














do not interfere with the threading of the line. 
the loop should be at least one-fourth and preferablyg 
third or more of the length. The ideal position gf 
light source and phototube holder is one in which 
beam of light is horizontal and parallel to the lengh 
the line and passes directly under the center of the bol 
of the loop. Good locations for these units are she 
Fig. 8. 

It is difficult and often impossible to mount the] 
source and phototube holder in the ideal position, parti 
larly on payoff loops and extremely shallow loops. Th 
either of the units can be placed at one side of the la 
with the other under the loop as shown in Fig. 1. Wh 
the loop is very low, the beam of light should not pa 
over the loop and give a reverse directional signal. Vag Yg 
ing widths of material add further complications when 
ideal positions cannot be used. When the beam of lid Yo 
is not horizontal or passes under the side edge and not t 
bottom of the loop, the loop may develop a slight swing 
payoff loops of high-speed lines where fast-response pho 
electric loop controls are used. These swings change t 
amount of light reaching the phototube holder, even thou 
the length of the material in the loop does not change 4 
preciably. Such light changes produce small variations 
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sustain the swing of the loop. 
For loops having considerable storage capacity, eit 
the deep-pit loop of Fig. 9 or the looping tower of Fig. 
can be used. Loops at the exit ends of lines normally 
empty—that is, with little material in them—but fill 
when the coiler stops. When the coiler starts up 4" 
the loop control automatically runs the coiler at a speed 
excess of the line speed to return the loop to its nom 
position. Conditions are similar for storage loops at & 
entry ends of lines except that here the loops normally in 
full of material. yo 
SELECTING THE PROPER TYPE OF CONTROL: ped Y 
application of each type of automatic loop contro 
shown in TaBLE I. Since this table lists two or more 4 
of control for each application, one type must be see , 
on the basis of cost, desired operating characteristics, a 
expected maintenance. For low-speed lines it 1s ye 
apply properly the simple automatic loop controls of 
A, B and C. But for high-speed lines and the mores 
plicated controls of types D, E and F, it is recom “a 
that the application engineering section of the @ . 
turers of the apparatus be consulted. 
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HE PAST FORETELLS THE FUTURE 


Af 


a Val Your copy of this fine book is now ready. 
iS when Uf 
am of lil You will want it as a guide for the future. 
and not tf 


at et The best guide for your future relations with a man 
nse pi’ whis reputation in the past. 
change t 
ven thou So it is with business institutions. 
a Today, more than ever before, every individual 
si business must depend on other individual busi- 

nesses. And that dependence can, and should, be 1 id aah 
«,. inf Placed only upon those business institutions whose _ tory of The Falk Corporation, its ideals, accom- 
iy : ’ } ‘ord of performance as to policy, product, service _ Plishments, and plans for the future so far as those 
ci and general attitude has been flawless in the past. | Plans can now be projected. 
nut fill Many new businesses exist today. Many others, You, too, in your effort to render a service to 
up agi Odin years, have not kept young in thinking... | your industry, must of necessity have followed 
a speed and are passing from the national picture. Thishas | many of the principles set forth in this book. For 
ts nom been the history of business since the world began. _ that reason we believe that the book will interest 
ps at ty, : J you and will provide you with reasons why The 
mally ni et, through all the economic changes, certain Falk Corporation will be a sound source of supply 

ustitutions have grown old in years, but have kept for the machinery you will need to shave pennies 
Range young in spirit and have constantly improved from production costs and improve your product, 
control tpon their original reason for existence. in order to compete in the salesmen’s war to come. 
ore typq The book illustrated above deals with the his- THE FALK CORPORATION, Milwaukee 8 Wisconsin 
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Bearings Offer Positive Sealing 


B EING OFFERED by 
the Fafnir Bearing Co., 
New Britain, Conn., is a 
new type of sealed ball 
bearing known as “Plya- 
Seal.” This sealing ele- 
ment consists of a dia- 
phragm type contact seal 
comprising two members 
—a flat, flexible sealing 
washer of synthetic rub- 
ber-impregnated fabric 
and a split retaining ring 
of spring steel. Due to 
the minimum space re- 
quired for the two seal 
parts, the bearings are 
held to the same widths as standard unsealed bearings. 
The sealing washer, held in the outer ring, does not ro- 
tate with the inner ring but is in contact with a ground 
groove to form an effective seal with a minimum of fric- 
tion. Easily removed and replaced to allow inspection, 
washing and regreasing, the bearing is especially suitable 
for applications where periodic overhauls of equipment 
are standard practice. Maximum retention of lubricant 
and exclusion of dirt and liquids are also assured. The 
seal causes no distortion of the outer ring or race, and 
is noncapillary and impervious to grease, oil, gasoline, 
water and a variety of solvents. It resists heat to a high 
degree and is unaffected by subzero temperatures as well. 
According to the company, the bearings have been per- 
formance-proved in military equipment, and are approved 
for aircraft by the Army Air Forces and the Bureau of 
Aeronautics, U. S. Navy. They have also been used suc- 
cessfully on many types of industrial machinery. 





Heavy-Duty Slip Clutch 


ANNOUNCED BY The Hilliard Corp., 108 West Fourth 
street, Elmira, N. Y., is a heavy-duty slip clutch which is 
designed to transmit power between a shaft and a gear, 
sprocket, sheave, or pulley mounted on the extended 
sleeve. Bolted to the extended sleeve, the outer driving 
ring engages the lined plate by gear-tooth splines. As- 
bestos linings are riveted to each side of the lined plate, 
and these linings bear against the friction surfaces of the 
hub flange and pressure plate. Pressure on the friction 
surfaces is obtained by a series of coil springs placed be- 
tween the pressure plate, mounted on hub with gear tooth 
splines, and a collar carried on the gear tooth splines of the 
hub. An adjusting nut, threaded over the end of the splines, 
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New PARTS AND MATERIAL 









provides for regulation of the spring pressure and du 
mines the torque setting at which the clutch will sip 
positive locking position for the adjusting nut is pry 
by each individual spline on the hub, and the numbe 
splines used permits close torque adjustment. The y 
can be furnished in a variety of designs, including on, 
lings, in both single and multiple plate types. 











Centrifugal Coolant Pumps 






I NCLUDING twenty-seven different sizes and types: 
designated as “Logan Sure-Flow” pumps, an improved 
of centrifugal pumps has been announced by Logany 
Machine Co. Inc., Logansport, Ind. Designed especi 
for pumping coolants and cutting oils, they are adapt 
for circulating cooling liquids, pumping or circulai 
water or quenching oil and general liquid transfer seni 
One of the outstanding features of the pumps is the 
impeller, eliminating need for close clearances or meta: 
metal contact of running parts. This allows pumping 
liquids containing some abrasives, filings and other fore 
matter without damage to the pump. Equipped with 
integral motor drive, the pump is available in foot-mou 






























ed, bracket-mounted, flange-mounted, grinder and 
merged types. Self-priming without submerging, ™ 
base and bracket-mounted models, affords latitude 
cating the pump in relation to the liquid to be pul 
The totally enclosed ball-bearing motor in the base, P= 
and flange-mounted types is protected by a rotaly ® 
against splashing liquids, abrasive dust and other ba 
ful foreign elements. The grinder and submerged moe 
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A high strength steel that is easily fabricated and readily welded. May be hot or cold 
formed. Affords reductions in weight ... its greater strength permits use of lighter 
gauges. Resists corrosion. Otiscoloy available in both sheets and plates for a wide 
variety of applications. 


1NES & LAUGHLIN STEEL CORPORATION 
PITTSBURGH 30, PENNSYLVANIA 
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have no seals, an overflow hole in the top of the column 
preventing liquid within the pump from reaching the 
motor bearings. Since maximum power is consumed at 
zero pressure, the pumps cannot be overloaded and any 
increase in static head, friction head or back pressure re- 
duces delivery and power requirements. 


Timing and Control Motor 


DEVELOPED BY 
Warren Telechron 
Co., Ashland, Mass., 
a new timing and 
control motor with 
terminal shaft speed 
of one revolution 
per hour has an in- 
put rating of 2 watts 
and can be fur- 
nished in other 
speeds up to and in- 
cluding six revolu- 
tions per hour. A 
special oil gland has 
been built into the terminal shaft bearing, extending its 
life under industrial and domestic operating conditions. 
Terminal shaft is concentric with the outer case of the 
motor. A companion model, having a terminal shaft 
speed of three revolutions per hour, has also been devel- 
oped. This design has an eccentric terminal shaft placed 
normally in the 12 o'clock position in respect to the outer 
case. It also can be furnished at speeds of from 3 to 6 
revolutions per hour. 


Air-Actuated Clutch 


DESIGNATED AS Model P, a new clutch announced by 
Twin Dise Clutch Co., Racine, Wis., can be used wherever 
the company’s Model E (friction) clutch has application. 
The new clutch is particularly advantageous where op- 


eration by remote control is desired. In many features of 
design aad construction Model P is similar to Model E, 
having a hub and back plate, center plate, floating plate 
and friction disks of essentially the same proportions. 


~ 


178 


Model P design provides two different methods fy 
dling the actuating air supply: (1) By drilling the 
and using an end shaft rotary seal; and (2) by us a 
special shaft-around, or midshaft rotary air seal, 
first is used where clutch is mounted near end gf 
while the latter where the clutches are mounted) 
drums, several feet from closest shaft end. The oul 
ing parts of the actuating mechanism, other than 
are the piston, piston seals and floating plate. ' 
are woven asbestos and so located as to be well wy 
from heat induced by friction. The Model P 
furnished in a wide range of sizes (14 to 36 inch) 
capacities (65 to 895 horsepower). z 


<> 
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Snap-Action Pushbuttons 


KK NOWN AS the Snapit 

switch a small momentary 

pushbutton switch has been 

announced by Grayhill, One 

North Pulaski road, Chicago 

24. The round phenolic body 

of the switch measures %- 

inch in diameter and 1% 

inches in height. It is mount- 

ed on a %-32 bushing, 7/16- 

inch Jong, and held by two 

mounting nuts. The fixed 

contacts are fine silver over- 

lay on _ phosphor bronze, 

threaded and held in place. 

Electrical connection is made 

by brass screws. The con- 

tact gap is .040-inch on each contact, making the t0 
contact gap which breaks the circuit .080-inch. 
Snapit switch employs a snap-action principle which 
sures fast make and break as well as a contact pressure 
approximately 35 grams, making the switch practical! 
use on direct current. It operates on a .0625-inch mo 
ment of the pushbutton and carries a current rating of 
amperes at 115 volts alternating current, and 2 amperes 
115 volts direct current. According to the company, i 
general practice on direct current to increase the ra 
with a decrease in the voltage. A red pushbutton m 
cates the normally-open, single-pole switch, while a bla 
pushbutton, the normally-closed, single-pole type. 


Electronic Cycle Counter 


DESIGNED FOR industrial and laboratory uses, @ 
two-decade electronic counter of The Potter Instrum 
Co., 136-56 Roosevelt avenue, Flushing, N. Y., ca?! 
be used for counting and calibrating the actual numbet 
cycles that resistance welding timers apply. In aaa 

it can be used as an interval timer by connecting it UHM 
a switch to a known external frequency. When 

is closed and opened, the unit will count the number 
cycles of the known frequency that have passed 
closed-switched time interval, giving a reading in 'e 

the number of cycles of the known frequency. 
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7% lew leather packings, made a new way 


VIM resin-impregnated "V" packings 


have these merits: 


They are molded to shape, so that 
the grain, or smoother side of the 
leather, will contact the cylinder or 
plunger. This reduces friction, as 
compared to a trimmed O.D.and I.D. 
packing whereby the flesh side con- 
facts the operating surface. 

But that is only one advantage of 
VIM Resin-Impregnated "V" Pack- 
ings, which were originally devel- 
oped for. aircraft hydraulic use. 


Its impregnation treatment 

renders it insoluble in, and un- 
affected by, any type of oil medium. 
This filler will not wash out. 

These packings are usable at 
femperatures between minus 65° 
and 180° F., at pressures from zero 
to as high as 60,000 PSI. 

They're long-lived, and are giv- 
ing excellent service on machine 
tools, presses, pumps, and other 
hydraulically operated equipment. 
For design data, write— 


HOUGHTON & CO. 


303 W. Lehigh Ave., Philadelphia 33, Pa. 


CHICAGO 





ov ( HOUGHTON'S 
B Vugineerted 
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SAN FRANCISCO 
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DETROIT 




























cycle line may be used as the known frequency. The 
counter is actuated by a closing contact, sine wave, or 
pulse input, as from a photo-tube, at rates up to 1000 
cycles per second. Each decade, dividing by ten, gives a 
scaling factor of 100. The count for 0 to 99 appears on 
two banks of neon lamps. Connected to the counter out- 
put is a telephone-type relay, and its output terminal con- 





tacts close once for each 100 input cycles. A conventional 
electromechanical counter may be connected to the out- 
put terminals to extend the count to as many places as 
desired. An important application of the unit is in its 
counting rates exceeding 10 cycles a second. Using a 
complement of 11 tubes the counter can be supplied with 
switches to make it predetermining. Operation is from a 
60 cycle, 105 to 125 volt line. Weight is 25 pounds. 


Latch Interlock Relays 


CoNSTRUCTED to 
aviation specifications 
Series 50XBX 2-coil re- 
lays have been added to 
the line of “Memory” 
relays produced by 
Struthers-Dunn Ince., 
1821 Arch street, Phila- 
delphia 7. The latch-in 
relay construction con- 
sists of a new style posi- 
tive interlock between the two symmetrical operating ele- 
ments and requires no extraneous parts other than in- 
tegral extensions of the coil “armatures” themselves. It 
operates from a momentary impulse, and a minimum of 
power. Application of power to one coil latches the 
contacts into one position. Power is then applied to the 
other coil which throws the contacts into a latched-in 
second position. A third “unlatched” position, valuable 
for certain applications, can be obtained by energizing 
both coils simultaneously. This new design makes it 
easy to obtain make-before-break, or break-before-make 
contact combinations. Contacts do not interrupt the coil 
circuit until the “throw” is completed and contacts are 
locked in the new position. Relays of this type are pro- 
duced in ratings from 6 to 200 amperes or more, and 
with any desired contact arrangement. Standard types 
provide for two auxiliary contacts, one in each coil cir- 
cuit. Use of auxiliary contacts makes it possible to ob- 
tain operation over a wide range of voltages, alternating 
or direct current. The new relays are smal) and com- 
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pact in design, and Type 50XBX103, for j; 
double-pole, double-throw main contacts and is pd 
6 amperes at 24 volts direct-current. Overall dina 
are 37/16 x 17/8 x 15/8 inches. 4 


Positive Displacement Pumps 


j 


S ELF-PRIMING under high vacuums or against jee 
pressures, new positive displacement pumps of The 
Pump Co., La Crosse, Wis., deliver a constant voli 
revolution, not affected by speed or pressure. Ing 
tion the liquid is drawn into the intake side of the paes 
by a vacuum suction and expelled at the outlet side thr 
piston action. Design is such that intake and outlet; 
are open at all times, with a continuous seal betwee ( 
two rotors, preventing liquid from returning into the 
take chambers. These industrial pumps are avail 





capacities for % to 400 gallons per minute. Liquids 
temperatures up to 210 degrees can be pumped suc 
fully. The models are furnished for constant volum 
variable capacities and automatically controlled volu 
in V-belt drive, direct motor drive, variable speed 
tight or loose pulley types. 


@| 


Hydraulic Selector Valve 


DESIGNATED AS AN6218-1, an improved type of Mie fr 
draulic four-way selector valve in which pressure Gfitlog 
has been reduced by half has been announced by the tec 
cific Division, Bendix Aviation Corp., 11610 Sheng. 
Way, North Hollywood, Calif. Available for Ye-inch 7 
size, the valve is radial in design and utilizes plastic p 















pét valve elements. The body is a permanent mold 
inum casting and the cored fluid passages af OS" 
stead of round in cross section. This develo” 
coupled with the short distance traversed by the 
through the valve, results in a pressure drop 
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“Hew 1945 EASTERN'STAINL 5% 
Catalog will : soon be ready! 


type of Mut free copy of the comprehensive new 80-page Eastern Stainless 
essure ules will shortly be available. Compiled and edited by Eastern Stain- 











EASTERN STAINLESS STEEL CORPORATION 


Rabe technical experts, it authoritatively, covers modern applications of Baltimore, Maryland = Dept. 64 

hou 4 . . . . . . . . 

‘inch Steels in many great industries and institutions including your Gentlemen: Please reserve for me a copy of your 
“ free 1945 catalog “EASTERN STAINLESS STEEL 

plastic SHEETS.” 


plete in every detail, profuse with interesting illustrations, the new 
fasten Stainless catalog will be a valuable addition to your refer- 

files... it’ll serve you well as an office-handy encyclopedia giving 

matic information on how Stainless Steels are best suited to your needs. 
“fill out and mail the coupon at the right. You will be sute to 
receive your free copy of the 1945 Eastern Stain- 


acy less catalog as soon as it is ready. 


aM EASTERN STAINLES 


Firm name ....... (Meneeesave viesen YTTTy y 
Address Coe oer eeeeseeeeeseseeseseresed eosee 


EN GIs 6.04466 00 56 60 been hens one 








IML Co. B-Ct 


STEEL CORPORATION 
BALTIMORE, MARYLAND 


e 0 
SALES REPRESENTATIVES: CHICAGO, 201 N. Wells St., Phone: State 6533 * CLEVELAND, 1010 Euclid Avenue, Prospect 2020 
DALLAS, 4533 Livingston Ave., Justin 8-5772 * DETROIT, 6505 Second Blvd., Madison 8570 * DETROIT, 906 Fisher Bidg., 
} Un Trinity 11465 * LOS ANGELES, 10887 Chalon Road, Arizona 3-8273 NEWARK, N. J., 972 Broad Street, Market 2-2068 
of nn! PHILADELPHIA, 7444 Fayette St., Livingston 2002 
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pounds per square inch at 3% gallons per minute. In ad- 
dition to the %-inch tube size valve, % and %-inch tube 
size valves are also available. 


Plug-in Encased Relay 


ENCLOSED IN a metal 
can and fitted with a 
standard octal plug base, 
a new plug-in relay has 
been introduced by Ward 
Leonard Electric Co., 31 
South street, Mount Ver- 
non, N. Y. Encased in a 
cylindrical metal housing 
2 1/16 inches in diameter 
and 3% inches high, the 
relay is rigidly supported 
against shock by means of 
a key in the center of an 
insulating disk that fits in 
the top of the case. It is 
made to operate on stand- 
ard voltages up to 115 volts alternating or direct current, 
and is a modification of a popular type of unit used in 
small radio transmitters, aircraft control circuits, and sim- 
ilar applications where space is limited. Double-pole, 
double-throw contacts are rated 4 amperes at 115 volts, 
60 cycle alternating current and at 24 volts direct current. 
From 25 to 115 volts direct current the rating is 42-ampere. 


Hose for Oil and Coolant Lines 


E SPECIALLY designed for connections on oil and coolant 
lines on Army plane engines, a new type of hose offered 
by the Mechanical Goods division, Goodyear Tire & Rub- 
ber Co., Akron, O., is compounded to withstand severe 
temperatures and has high strength and flexibility. The 
hose will withstand heat and will not harden or break 
under rigorous conditions. Produced in eleven sizes, the 
hose has been flight tested and approved by the Army 
Air Forces. 


Lightweight Blower 


O PERATING 
UNDER all condi- 
tions of climate and 
temperature, a new 
lightweight blower 
for heat dispersion, 
known as Model 
No. 2%, has been. 
added to the line of 
L. R. Mfg. Co., Di- 
vision of the Rip- 
ley Co., Torrington, 
Conn. With the 
addition of this new 
model, the company now has available blowers ranging in 
size from 3 to 6% inches with weights from 2 ounces to 
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12 ounces, and with capacities ranging from 15 to 
cubic feet per minute at 8000 revolutions per minute 
new unit weighs 3% ounces and delivers 50 cubic feet 
minute at 8000 revolutions per minute. It is ayai 
with shaft bores of either .1895, inch or %4-inch, Ho 
is lightweight, high impact phenolic plastic, Availab] 
either clockwise or counter clockwise rotation, the w 


are turbo-type cadmium plated steel. 
A 


Hydraulic Foot Pump 


For PRESSURES up to 10,000 pounds per square j 
a two-speed foot pump has been developed by L 
Raymond Corp., 2024 Madison street, Greene, N, Y, 
outstanding advantage of the pump is the autop 
change speed feature. The pump has two piston 

a high-speed, low-pressure piston, the other a small, § 
speed, high-pressure piston. Up to 1000 pounds pres 


pistons pump oil, but at 1000 pounds the high-speed, 
pressure piston automatically cuts out and higher 7 
sures (up to 10,000 pounds) are easily developed by 
small high pressure piston. The pump is self-contai 
designed for continuous, heavy-duty performance. 
can be furnished with a base suitable for mounting 
the machine or with an auxiliary base allowing it to 


used on the floor. 


Switches for Panel Mounting 


For PANEL MOUNT- 

ING a new switch — Se- 

ries 6300—meets the need 

for a heavy-duty, multiple 

circuit turn switch. Avail- 

able from Donald P. Moss- 

man Inc., 612 North 

Michigan avenue, Chi- 

cago 11, as both a two 

position or three position 

switch, either locking or 

nonlocking, the new 

switch is light in weight 

and compact in size. The 

switch illustrated is Model 

6300. Another series, No. 4200, also announced by, 
company recently, is a lever switch. Because of flexib 
of circuit arrangements and unlimited combinations 
contact forms, this series is proving itself for use in @ 
munication systems, testing apparatus, instruments, 
and other types of equipment. 
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15 to 1HE TUBE IS THE HEART OF THE HOSE—INSIST UPON ITS BEING MADE OF COMPAR == 
ninute, 
bic feet 
is avai 
1. Ho 
\vailabl 
the w 


No matter what type of fuel is conveyed through it—heavy Diesel 
or high-octane aviation — the compar tube in Resistoflex flexible 
hose remains unchanged even after years of constant service. 

Compar is immune to ALL fuels and oils. It cannot shrink, swell, 
rot, or slough off. 

Integrally bonded fabric reenforcement —or woven wire cover- 
ing — gives Resistoflex hose peak resistance to external abrasion, 
moisture, oil and general manhandling. 

Inquire today about Resistoflex gasoline and oil lines. They are 
made in various constructions and formulations depending upon the 
specific job they are to do. 


RESISTOFLEX 





RESISTOFLEX CORPORATION, BELLEVILLE 9, N. 
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E. F. W. Alexanderson A. W. LeFevre 


ERNST F. W. ALEXANDERSON, 

consulting engineer and‘ radio expert 

at General Electric Co., recently was 

the recipient of the Edison Medal for 

1944, awarded by the American Institute of Electrical Engineers and 
the Institute of Radio Engineers. Presentation was made in recognition 
of his “outstanding inventions and developments in radio, transporta- 
tion, marine and power fields.” Dr. Alexanderson is credited with 300 
patents, taken out in his name in the foregoing fields. Born in Sweden, 
he is an electrical and mechanical engineer. Upon reading “Alternating 
Current Phenomena,” by Dr. Charles P. Steinmetz, he decided to go 
to America to seek work with Dr. Steinmetz. He arrived in 1901 and 
visited him, and later at his recommendation obtained a drafting job 
with General Electric. After taking the company’s engineering course 
he became a member of the engineering staff in 1904, designing gen- 
erators under Dr. Steinmetz. Since then he has contributed largely to 
the development and improvement of alternators, radio and television 
equipment, motors, generators, electric ship propulsion and electric trac- 
tion apparatus. 





ARDEN w. LEFEVRE, new vice president’ of Stewart-Warner Corp. 
and director of engineering for the Alemite instrument and radio di- 
visions, brings to his post a background of experience in automotive 
and related fields. This background—20 years of development and 
production engineering—was all obtained within the engineering or- 
ganization he now heads. Mr. LeFevre joined Stewart-Warner as a 
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J. M. Crawford 











designer in 1925. He specialized on t 
development of lubricating devices a 
also played a key role in the develg 
ment of a gasoline-burning heater, om 
inally developed for automobiles | 
now adapted to aircraft and maf 
heating, and heating of tents, huts a 
trailers. Prior to his recent appointme 
he was general manager of Stewal 
Warner’s Indianapolis plant. Previo 
he had been chief engineer for Alemi 
at Chicago. 


/]' 






JAMES MARK CRAWFORD, rece! 
ly elected president of the Society 
Automotive Engineers for 1945, ® 
been an automotive engineer trdup 
out his entire business life. He frst 
tained industry-wide recognition ™* 
20’s as chief engineer of a small car ™ 
pany and for the last fifteen years ® 
tinued in design and has carried the 
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When you buy FORT PITT Alloy Steel 
Castings, you can be certain that the 
analysis of the delivered job will be 
precisely as specified. Fort Pitt quality 
control follows every step of the pro- 
duction of your order, from the alloy- 
ing of the steel to the final inspection 


of the finished casting. Every heat is 
sampled by skilled metallurgists and 
subjected to a series of exacting 
chemical and physical tests. Accu- 
rate duplication of analysis through- 
out the job is a “must” at FORT PITT 
foundry. 


FORT PITT STEEL CASTING CO. 
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executive responsibility for one of the large automotive 
organizations. Mr. Crawford began his career as a 
draftsman with the old American Motor Car Co. in 1906, 
and later was advanced to assistant chief engineer. In 
1913 he joined Chalmers Motor Co., serving successively 
as mechanic, designer, and chief draftsman before be- 
coming assistant chief engineer. He obtained his first 
position as chief engineer when he joined Allen Motor 
Co. in 1917, later serving also as manufacturing manager. 
As chief engineer of Auburn Automobile Co. five years 
hence, he was responsible for the design of that car dur- 
ing the period of its rise. In 1927 he came to Chevrolet 
as assistant chief engineer and in two years was named 
chief engineer—the position he has held ever since. As 
chief engineer he has had an opportunity to utilize his 
ability to assign responsibility, follow through for re- 
sults, and appreciate achievements of his associates. 
Added administrative responsibilities have not lessened his 
deep personal interest in and knowledge of detailed phases 
of technical development. He has also devoted consider- 
able effort to cooperative engineering work of benefit to 
the industry and the profession as a whole. 


¢ 


S. C. Hoey, a one-time machinist apprentice with West- 
inghouse Electric & Mfg. Co., has been appointed assistant 
director of the headquarters manufacturing engineering 
department. 

. 


Linwoop F. Mitten has been named senior engineer, 
B-29 fuel pumps, Eclipse Machine Division, Bendix Avia- 
tion Corp., Elmira, N. Y. Mr. Millen had been B-29 engi- 
neer coordinator, Bell Aircraft Corp., Marietta, Ga. 


¢ 


Dr. Howarp W. Bartow who had been head of the de- 
partment of aeronautical engineering, Texas A. and M. 
College, has been elected dean of the school of engineer- 
ing. 


¢ 


Paiie A. Swe. has been appointed chief engineer of 
Gale Products Division, Outboard Marine & Mfg. Co., 
Galesburg, Ill. He had been chief engineer of DeBothezat 
Division, American Machine & Metals Inc., East Moline, 
Ill., of which company he still remains consulting engineer. 


& 


Cuares S. WuiteE has become chief engineer of Sav- 
Way Industries, Special Machine Division, Centerline, 
Mich. He formerly had been connected with Micromatic 
Hone Corp., Detroit, as research engineer. 


¢ 


Joun Bor.anp has joined the engineering staff of Clark 
Equipment Co., Buchanan, Mich. He had formerly been 
in the service engineering department of Elastic Stop Nut 
Corp., Newark, N. J. 

¢ 


SorEN H. Mortensen, chief electrical engineer, Allis- 
Chalmers Mfg. Co., Milwaukee, has been awarded the 
1944 Lamme Medal of the American Institute of Electrical 
Engineers “for his pioneer work in the development of 
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self-starting synchronous motors and for his contributi 
to the development of large hydraulic and steam-turh 
driven generators.” 


¢ 


ROWLAND C. LEE, formerly assistant chief enginee 
Harvill Corp., Los Angeles, is now aerodynamics enging 
Northrop Aircraft Inc., Hawthorne, Calif. 


¢ 


VERN Z. PERRY, previously passenger bus body desig 
and production planner, Ward Body Co., Conway, 
has been made president and general manager of Knig| 
town National Body Mfg. Co., Knightstown, Ind, 


¢ 


Ezra HOo.uistEr has become connected with the }en 
Aviation Corp., Pacific Division, Los Angeles, as hydia 
development engineer. He left Jesco Co. where he } 
been chief engineer. 


¢ 


Tom ELLeMAN has joined Continental Motors Cog 
Muskegon, Mich., as engineering department design 
gineer. He had been chief engineer, Bolens Products 0 
Port Washington, Wis. 


o 


Rosert W. Rewis is now chief test engineer, resez 
and development, American Engineering Co., Philad 
phia. He had been test engineer, research and develd 44; 
ment department, Rogers Diesel & Aircraft Corp., N@ ™" 
York. 






¢ 


L. L. Aspe.in, formerly chief engineer, Romec I 
Co., has joined Thompson Products Inc., Cleveland, 3 @ Vf 
sistant chief development engineer. 


© 

\ 

Davmwp Prince, vice president of General Electric 0 
has been placed in charge of the company’s General I 
gineering Laboratory, the activities of which will be bro 
ened to include the requirements of the entire compa ¢ 


> 

James M. Fiske, previously research engineer in cha T 
of laboratories, Aircooled Motors Corp., Syracuse, N. 

has been named mechanical engineer in the research ( ‘ 

partment, Florida Division, Food Machinery Co re 

Dunedin, Fla. the 

. Thi 


C. Rosiey PaTrerson has joined the Standard Oil ¢ - 
of Calif., El] Segundo, Calif., in its mechanical engine 
ing design department. Formerly he had been mechan | 
engineer and manager of the Washington Office of Lig 
Inc. 

s 


WittiaM fel Newman, has recently become connes’ 
with Graham-Paige Motors Inc., Detroit, as engineer 
charge of experimental work. Prigr to his new 4PP™ 
ment he had been design engineer, Pioneer Engine & 
Co., Detroit. 
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IN-SAB 2INE COMMUNICATIONS 
dy desig SEE From ship to ship and from ship to 
nway, shore—whether on war craft or on 
















peacetime boats of commerce and 
travel—marine radio communications 
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d. equipment plays a major role. Lead- 
ing manufacturers of such equipment 
use Relays by Guardian, two of 

the Ben which are shown installed in the DC 
power supply unit of the HT-11 

s hydfa Radiophone manufactured by the 

ere he } Hallicrafters Company, Chicago. 
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Hallicrafters HT-11 Radiophone 
Unit Showing DC Power Supply 


lectric 0 





es 


for Automatic Control of Electrical Circuits... 


; THERE’S A Relay BY GUARDIAN 


search ¢ In this application one Guardian relay in its normal position 

ry Co feeds the input of the Vibrapack for receiving purposes. On 
the changeover from receiving to transmitting it disconnects 
the Vibrapack and simultaneously energizes the other relay. 
his in turn connects the Dynamotor input and output circuits. 

rd Oil ( Both relays are Guardian Series 115 with double wound 
| engine coils for operation on 6 or 12 volts D.C. with the 6 volt winding 
nechani ® parallel and the 12 volt winding in-series. It is a small, 

, of Lig ‘ompact relay, ideal for use where space is limited. 

P ‘ Its use in Marine Radiotelephone is but one illustration of 
he many applications of relays in radio and electronic equip- Series 115 DC Relay 
ment. For complete description of numerous types of Relays 
by Guardian, write for Guardian’s new Catalog No. 10. 
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1601-D W. WALNUT STREET CHICAGO 12, ILLINOIS 


A COMPLETE LINE OF RELAYS SERVING AMERICAN WAR INDUSTRY 
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DESIGNERS OF MACHINES 
and PROCESSING EQUIPMENT 





Alcohols Asphalt 


Acids 
Beer 
Butane 
Dyes 
Fuel Oil 
Gasoline 
Glue Syrups 
Mash 7 Tar 
Mayonnaise 


Molasses 
Oils 
Paints 





Rosin 
Soaps 
Solvents 


Soups 








Tomatoes Yeast 











BLACKMER ROTARIES 


are SELF-ADJUSTING FOR WEAR 


“Bucket Design” swinging vanes 
automatically compensate for wear. 


THIS MEANS SUSTAINED CAPACITY 
DEPENDABLE OPERATION 
AND LOWER PUMPING COSTS 


stig oe 


WRITE FOR 


Bulletin No. 306—Facts about Rotary Pumps 
Bulletin No. 302—Pump Engineering Data 


BLACKMER PUMP COMPANY 


1970 Century Avenue Grand Rapids 9, Michigan 


POWER PUMDS - HAND PUMDS 
- EZY-KLEEN STRAINERS - 





400-Cycle Aircraft Auxiliqrie 


(Concluded from Page 130) 


from the auxiliary 28-volt bus. 

Designers will not be entirely satisfied with 
rangement. Although it saves considerable weight, 
ably even more can be saved by eliminating the y 
generator altogether and controlling the effective y 
at the motor armatures by thyratrons. Stil] another me 
of controlling speed for turrets and for general ay 
tions presupposes that the hydraulic variable-ratig j 
will be developed; it will then merely be necessary 
terpose a small version of this transmission between y 
stant-speed motor and the device to be driven. 

Many occasions arise for synchronized operation in 
or more parts of the airplane. For example, corres 
ing wing flaps on both wings must be kept in step 1 
close limits or the airplane will become uncontnl 
For most applications, ordinary low-slip induction g 
will give adequate synchronization, especially if the 
are forced into exact coincidence at one or both end 
the cycle. In any case, the common system freq 
may be used by the ingenious designer as a reference 
for many synchronization schemes. 


Will Be Fertile Field 


Designers will find a fertile field for other new d 
which the alternating-current power system will make 
sible. There will also be many applications for such 
known devices as transformers and static rectifiers, 
persil is extensively. used in aircraft transformers ant 
made possible savings in weight because of its mag 
properties at high frequencies and high densities. 

Finally, the alternating-current equipment proper if 
from completely developed. Fame and fortune await 
designer who finally develops the variable-ratio ¢ 
Much work remains to be done on speed-governing 
anisms even after the drive is available. Possibly an 
tirely new approach will solve the difficulty; for exa 
an electronic frequency converter which will convert 
able-frequency alternating current to constant-freque 

Methods of providing the necessary direct current 
probably less satisfactory than some future methods 
be. Static rectifiers have little overload capacity am 
instantaneous reserve power. Voltage regulators for t 
are either heavy or sluggish in operation. Motor-ge 
tor sets avoid these difficulties, but have high input 
light loads and require the maintenance normal to rota 
equipment. 

Fault protection is being studied seriously as 4 1 
combat experience. Really selective fault-clearing de 
are needed, especially for military airplanes; these de 
should clear damaged circuits almost instantaneously, 
never take out an undamaged circuit, or take out 2 ci 
so far from the fault that undamaged branch circults 
disconnected. 

The author acknowledges the assistance of H. J. Braun, 
Keneipp and C. G. Veinott, all of the Aviation Engineering 
partment, Lima Works, Westinghouse Electric & Man : 
ing Co., particularly for furnishing curves and other basi 
upon which this article is based. 
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Special Round Head Special Hex Head Special Pronged Pin 
Shoulder Pin Shoulder Bolt 
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I] make 
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Life! ‘ 
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ts mag 
ies. 
roper is 
e await 
ratio d 
ing Here are three special parts used in large quantities (two of 
‘ibly 2" them run into millions) by a large manufacturer of automo- 
or exalt 
onvert @ Uveequipment. They have both war and peacetime application. 
-freque They were originally made milled from bar. When sufficient 
current : . 
ethods production could not be obtained by that method, the prob- 
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Braun, 


m THE NATIONAL SCREW & MFG. CO., CLEVELAND 4, O. 
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Turbine Locomotive 


(Concluded from Page 142) 


for each of the inlet pipes, control steam admission to the 
forward turbine, opening the valves in sequence. 

Reverse turbine has a’ single Curtis stage and is over- 
hung on an extension of the reverse pinion shaft, Fig. 2. 
Although the small reverse turbine uses only one-third of 
the steam flow of the forward turbine, tractive effort in 
reverse is almost as high due to the 4:1 reduction gear be- 
tween the reverse turbine and the high-speed main pinion. 
Maximum locomotive speed in reverse is 22 miles per hour, 
turbine speed about 8300 revolutions per minute. 

Power in reverse is transmitted to the main high-speed 
pinion through a hydraulically actuated positive-engage- 
ment clutch. Engagement or disengagement of the clutch 
while the locomotive is moving is prevented by a “zero- 
speed” interlock in the pneumatic control circuit. Al- 
though the reverse turbine is disengaged when going for- 
ward, the forward turbine remains engaged even when the 
locomotive is traveling in reverse. 

A single lever controls both speed and direction of the 
locomotive. The control consists of a forward “pneudyne” 
(an air relay-controlled pneumatic cylinder), a reverse 
pneudyne, overspeed and low-oil-pressure protection valves 
and the zero-speed interlock. The pneudynes rotate the 
throttle valve camshafts, controlling steam to the turbines. 

As experience is gained with the geared turbine loco- 
motive, it seems highly probable that even larger locomo- 


tives of this type will be built. Although the ultimate 


Fig. 3—Low-speed gear drives mainfaxle th 
drive’ which permits relative motion}of axle am 


limit in the capacity of the steam locomotive is goyg 
by boiler dimensions, which in turn are limited byf 
such as clearance and visibility, the geared turbing 
with its smaller driving wheels and shorter wheelbag 
mits a somewhat larger boiler and more grate area 
the boiler. Further, the turbine can utilize steama 
peratures prohibitive with reciprocating engines, will 
sequent improvement in efficiency. It seems likely 
fore, that geared turbine locomotives of 10,000 hor 
will eventually be available for accelerated passeng 
freight schedules of American railroads. 





Here’s a solenoid valve built for tough service on industrial applic 
tions requiring a 2-way or 3-way valve. Sturdy construction, short t 
large air volume, and extra, unrestricted exhaust capacity, make the Hut 
valve ideal for such uses as air-operated clutches. 

C. B. Hunt & Son manufactures single and double solenoid valves 
standard and special sizes, also hydraulic, air, hand, foot, and diaphrag hs sh 


operated valves for air, water, or oil applications up to pressures iuctio 


5,000 pounds. 


Our catalog carries complete engineering data. Send for a copy and dete ming 


how the Quick-As.Wink valve design can help you reduce operating costs 


C. B. HUNT & SON - SALEM, OHIO 


1854 E. PERSHING ST. 


HUNT 
SOLENOID 
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—MACHINING PROBLEMS SIMPLIFIED 
WITH ZINC ALLOY DIE CASTINGS 


:| 
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inc alloy die castings are often produced so close to and thus, in just three operations—casting, trimming 
applicaged dimensions that little or no machining is re- and drilling—the vitally needed shell fuse castings 
rt traveled When machining is called for, however, the are rapidly produced. It is the combination of high 
he Hurt ing zinc alloys insure easy, rapid metal removal speed production and excellent physical characteristics 
valves ifge'/ong tool life. which have made die castings of zinc alloy the most 
yphragmg's short-cut factor is illustrated in the high speed widely used. Every die casting company is equipped to 
sures (tition of a sell fuse casting (see inset in photo- make zinc alloy die castings, and will be glad to discuss 
directly above.) 20 of these fuse parts are cast on their advantages with you—or write to The New Jersey 
ular gate in one shot—and this gate has hooks cast Zinc Company, 160 Front Street, New York 7, N. Y. 


0 Souter edge for ease of conveying from the casting 


tine, Two locating pins are also cast on the under- 

the gate for accurate and rapid positioning in a 

ing die (right) where, in one punch, the 20 in- 

iD & fuse castings are removed. The remaining gate 
kd and reused. 

Re-cuttins quality of zinc alloys facilitates the 


at drilling of a hole (see inset) in each casting . FOR DIE CASTING ALLOYS 





arch was done, the Alloys were developed, and most Die Castings are specified with 


RSE HEAD SPECIAL (unterm at) ZINC. 
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peracteristics 
wae a NORGREN 
HOSE ASSEMBLY! Fin- 
est construction enab 
Norgren hose to fle 
most indefinitely 
failure—and to €xgeme- 
ly short bends Without 
‘stricture of internal cross- 
section. Oil resistant, im- 
pervious to heat, cold 
and vibration. Permanent 
machined couplings. Hose 
steel wire reinforced for 
high pressures. Replace- 
able couplings for low 
pressures. Full line covers 
all requirements, hydrau- 
lic or pneumatic. 


Write for information, 
giving your specifications. 
C. A. Nogren Company, 
Denver 9, Colorado. 
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i. Mane other appointments recently made by Foote 

Gear & Machine Corp., Chicago, is that of R. B. 
as assistant vice president in charge of sales engineer 
the industrial gear division. 


¢ 


With headquarters in St. Louis, R. L. Heath has 
Climax Molybdenum Co. in the capacity of metall gic 
gineer. Previously he had been chief metallurgist of § 
lison Division of General Motors Corp. at Indianapolis, * 


S 


Parker-Kalon Corp., New York, has named §. §, Kah 
sales and advertising manager to succeed the late 
S. Trott. Mr. Kahn had been assistant sales manager fe 
teen years. 


¢ 


Completion of a processing plant with 10,000 square 
of space has been announced by General Controls Inc., G 
dale, Calif. The plant will house the heat treating, ang 
ing, mechanical deburring, sand blasting and painting! 
partments. Nearing completion is also a new modem 4 
building. 


* 


Formerly vice president and general manager, W. F. Lis 
has succeeded the late Thomas B. Fordham as presiden 


Leland Electric Co., Dayton, O. 


o 


Wendell A. Melton has been named district managetyl fed a 
charge of the Tulsa territory for The Foxboro Co., and @ In 
make his headquarters at the company office located in & lam 


McBirney building, Tulsa 3, Okla. vhat 
cond 

¢ conti 

is kn 


According to a recent announcement, Doehler Die Ca Th 
Co. and W. B. Jarvis Co. have consolidated under the nd ies 
of Doehler-Jarvis Corp. tis 


e Cust 


Recently announced by U. S. Gauge Co., Sellersville, PH rung 
the relocation of the Chicago office to the Monadnock Bla Over 
53 Jackson boulevard. In charge as district manager will 
Walter H. Magee. anot 

+ ipec 


Air Reduction Sales Co. has made the following app 

ments: H. F. Henriques, previously sales manager of the Doih F 
central division, has been named general sales manageh J 40) 
Lincoln, who had been sales manager of the south ” 
division, has been made director of sales services; ™ | 
Bloodgood, formerly sales manager of the Pacific Coast divi 









MACHINE Desicn—Apmil, 8 





;HIND THE SCENES WITH THE MEN WHO PUT THE “KNOW-HOW” INTO PILOT MOTORS 


How PILOT Motor Research Helps You 


Get The Right Moto 


A IX 

ive! 

t Like properly fitted eye glasses, the 
nght motor for a job must be carefully prescribed or speci- 
fedand then produced according to the specifications. 

ln establishing production specifications, we have to 
un, first of all, what the job requirement of the motor is— 
vat the power drive application is to be . . . under what 
wnditions the motor must operate . . . whether it is for 
continuous or intermittent duty, etc. Once this information 
sknown, trial specifications are made and a motor built. 
The test board (shown above) puts this sample motor 
trough its paces to make sure it embodies the charac- 
tistics specified by our engineers in accordance with the 
astomers’ requirements. This test records motor speed, 
bower, heat rise, current required, work performed—both 
funning free and under full load. In short, it determines 
wet-all motor efficiency. 

If necessary, details of construction are changed and 
wother sample built and tested before final production 
Weifications are released. During manufacture, produc- 


: For The Job! 


tion pieces are tested and re-tested to make sure that the 
motors conform to the customer’s needs. This procedure, 
followed in specifying and producing “custom-built” 
PILOT Shaded Pole Motors, is assurance that you are 
getting the right motor for the job. 

Because PILOT Motors, too, have gone to war, produc- 
tion for civilian and postwar needs has necessarily been 
curtailed. High priority orders, however, are being ac- 
cepted according to our ability to produce and deliver; and 
postwar applications are considered as promptly as possible. 


fA. SMITH MANUFACTURING CO., INC. 
401 DAVIS sr. ROCHESTER 2, N. Y. 
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-has been appointed assistant to the vice president in charge 
of sales. All these appointees will make their headquarters 
at the main office of the company located at 60 East Forty- 
second street, New York. H. P, Etter, who has been named 
to succeed Mr. Bloodgood as sales manager of the Pacific 
Coast division, will make his headquarters in the Mills Tower 
building, San Francisco. Mr. Etter had been manager of the 
Los Angeles district. 


Opening of a new regional office at Lansing, Mich., has been 
announced by Twin Disc Clutch Co., with G. M. Guilbert as 
manager. The new office will better serve the many Michigan 
manufacturers who had formerly been served from the Cleve- 
land territory. 


’ 


« 


With manager L. W. O’Day in charge, the Peoria, IIl., office 
of The Lincoln Electric Co. has been moved to larger quarters 
in the Electrical building, 214 Second street. 


- 
Graver Tank & Mfg. Co. Inc., East Chicago, Ind., has an- 


nounced the appointment of Charles W. Springer as managcr of 
eastern sales, with offices at 424 Madison avenue, New York 17 


« 


Change in the name of Rockford Drilling Machine division 
of Borg-Warner Corp., at Rockford, IIl., to Rockford Clutch di- 
vision, was recently made known by the corporation. 


¢ 


Among several changes in the organization of the apparatus 
department is the following which has been announced by 


General Electric Co,:» H. V. Erben, previously commercial 


vice president and manager of the Central Station diye 


has been appointed assistant general manager of the app 
department. 


o 


Offices at 150 Broadway, New York, have been est 


by Associated Engineering & Research Companies, ani 


ization of inventors, engineers, research men and map 
alysts serving manufacturers seeking new products } 
electro-mechanical field. 


° 


Moving to its new factory at 4114 North Knox aveme 
cago 41, has recently been announced by Mead Special 


¢ 


Stanley & Patterson Division of Faraday Electric} 


has moved to 434 Newbury street, Boston 15. Comb 


this address will be the machinery and personnel 
Holtzer-Cabot Signal division as well as equipment ang 


sonnel from the Faraday plant at Adrian, Mich. Paul f 
wald has been named sales manager of this division, 


* 


According to a recent: announcement, Precision Plz tin 
Philadelphia, has moved from 1724 West Indiana aven 


4655 Stenton avenue. 


¢ 


CorreEcTION—L. V. (“Larry”) Nagle has been name 


president in charge of national sales for Udylite Comy 
troit. It was incorrectly stated in the February issug 
L. K. Lindahl, president of the corporation, had bee 


pointed to this position. 


. HYDRO ‘POWER 


HYDRAULIC PUMPS AND CONTROLS VALVES - CYLINDER 
{MBLIE POWER UNIT ‘ MS - SPECIAL HYDRAULIE 


/ 
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Only molybdenum in cast iron improves 


both strength and toughness 
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AA FURNISHES AUTHORITATIVE ENGINEERING | r MOLYBDIC OXIDE, BRIQUETTED OR CANNED e 
MA ON MOLYBDENUM APPLICATIONS. FERROMOLYBDENUMe“CALCIUM MOLYBDATE” 
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IDENTICAL. The word 


needs no qualification 
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when you're describ- 
ing the uniform grad- 
ing of Microtomic “Van 
Dyke” Drawing Pencils. 
More important... 
when you're using 


them. Pick up one pen- 
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same degree... you'll 


get the same weight 


tion, “Van Dyke's” HI- 
DENSITY lead gives 
uniformly greater 
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*Tllustrated on Page 152-155. 


NEW MACHINES: | 


And the Companies Behind Them 










Aircraft 

*A-26 “Invader” all-purpose bomber, Douglas Aircraft 
Inc., Santa Monica, Calif. 

*B-24 “Liberator” heavy bomber, Ford Motor Co., Dearly 
Mich. 

*B-29 “Superfortress” heavy bomber, Boeing Aircraft 
Seattle, and others. 

*C-54 “Skymaster” transport, Douglas Aircraft Co, Inc, 
Monica, Calif. 

*C-69 “Constellation” transport, Lockheed Aircraft Corp, i 
bank, Calif. 

*CW-20E “Commando” transport, Curtiss Wright Corp, } 
York. 

*P-38L “Lightning” fighter-bomber, Lockheed Aircraft 
Burbank, Calif. 

*P-47 “Thunderbolt” fighter-bomber, Republic Aviation Cp 
Long Island, N. Y. 

*P-51 “Mustang” fighter, North American Aviation Inc., Ing 
wood, Calif. 

*P-59A “Airacomet” fighter, Bell Aircraft Corp., Buffalo, 

*P-61 “Black Widow” night fighter, Northrop Aircraft ii 
Hawthorne, Calif. 

*P-63 “Kingcobra” fighter, Bell Aircraft Corp., Buffalo, 

*PV-1 “Ventura” bomber and sub-buster, Lockheed Airs 
Corp., Burbank, Calif. 

*R-6 Helicopter, United Aircraft Corp., East Hartford, Gall 

*SB2C-4 “Helldiver” dive bomber, Curtiss-Wright Corp, Name 
York. 

*XP-55 “Ascender” tail-first fighter, Curtiss-Wright Ca 
New York. 
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Industrial Se 

High-vacuum pump, F. J. Stokes Machine Co., Philadelphia 

Lightweight rivet gun, Cherry Rivet Co., Los Angeles. j 

Portable centrifugal pump, Brady Pump Co., Muncie, ind. 

Portable coolant and cutting oil handling and cleaning 
chine, W. R. Carnes Co., Madison, Wis. 


Metalworking 
Centerless thread grinder, Landis Tool Co., ‘Waynesboro, Pa 
Vertical spindle surface grinder, Abrasive Machine Tool 
East Providence, R. I. 
Vertical borer, Baush Machine Tool Co., Springfield, Mass 
Deburring machine, De Burr Barrell Co., Los Angeles 2. 
Heavy-duty, double-end snagging grinder, Standard Elect 
Tool Co., Cincinnati. 
Chip separator, McKenzie Engineering Co., Newton, Conn. 
Special machine for drilling 29 holes from 4 directions 
axle mountings, Le Maire Tool & Mfg. Co., Dearborn, Mi 
Small, general-purpose hydraulic press, Charles E. Francis 
Huntington, Ind. 








N 
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Testing 
Life-test unit for electron tubes, W. Green Electric Co., 
York. : eo 
Portable 15,000-volt test set, General Electric Co., Schaqe=— 
tady, N. Y. j FZ 
Welding Ee 
10-station dial feed welding press, Thomson-Gibb Weis i “y 
Co., Lynn, Mass. 
Woodworking 
Router, Stanley Electric Tool Div., The Stanley Works, 
Britain, Conn. 
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